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INHIBITION OF APOPTOSIS USING INTERLEUKIN>lB-CON VERTING KNZVlVfR 

aCEVCED-3 FAMILY INHIBITORS 

Field of the Inveption 

The present invention relates generally to programmed cell death and specifically to 
methods for expansion of hematopoietic cells, for prolonging viability of an organ for 
transplantation, and maintaining viability of cell lines used in bioproduction using interleukin- 
1 P-converting enzyme {ICE)/CED-3 family inhibitors. 

Background of the Invention 

The present invention relates generally to programmed cell death and specifically to 
methods for expansion of hematopoietic cells, for prolonging viability of an organ for 
transplantation, and maintaining viability of cell lines used in bioproduction using 
interleukin-ip-converting enzyme (ICE)/CED-3 family inhibitors. 

Necrosis and apoptosis are two basic processes by which cells may die. In necrosis 
cell death usually is a result of cell injury. The cells generally swell and iyse, and the cell 
contents ultimately spill into the extracellular space. By contrast, apoptosis is a mode of cell 
death in which single cells are deleted in the midst of living tissues. Apoptosis accounts for 
most of the programmed cell death in tissue remodeling and for the cell loss that 
accompanies atrophy of adult tissues following withdrawal of endocrine and other growth 
stimuli. In addition, apoptosis is believed to be responsible for the physiologic death of cells 
in the course of normal tissue turnover {i.e., tissue homeostasis) (Kerr, J. F.,er a/, 1972. Br. 
J. Cancer 26:239-257; Wyllie, A. H., et al. 1980. Ira. Rev. Cytol. 68:251-306). 

The effector mechanisms of apoptosis are not completely understood, but ultimately, 
certain nuclear changes occur that appear to be caused by the activation of endogenous 
nucleases that cleave chromatin between nucleosomes and reduce the content of intact DNA 
in apoptotic cells. A number of regulators of apoptosis have been identified. Some of these 
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are already familiar as protooncogenes and oncosuppressor genes, including c-myc, bcl-2, 
p53. and ras. The protooncogene products and oncosuppressor proteins are believed to 
control cellular susceptibility to apoptosis (Isaacs. J. T. 1994. Curr. Opin. Oncol. 6:82-89). 
C-myc can determine whether cells continuously proliferate or enter apoptosis, depending on 
the availability of critical growth factors (Bisonnette. R. P., et al. 1994. In Apoptosis II: The 
Molecular Basis of Apoptosis in Disease. Cold Spring Harbor Laboratory Press). In cultured 
cells, proliferation is usually observed in the presence of c-myc and growth factors, whereas 
apoptosis is seen when c-myc is present but growth factors are absent. Certain other 
oncogenes (e.g., hc\-2) rescue cells from susceptibility to apoptosis. Specifically, members 
of the bcl-2 gene family can act to inhibit programmed cell death (e.g., bcl-2, bcl-xL, ced-9) 
or promote cell death (e.g., bax, bak, bcl-xS). Additionally, members of the ICE/CED-3 
family can promote cell death (e.g., ICE, CPP32, Ich-1, CED3). 

Interleukin 1 ("IL-l") is a major pro-inflammatory and immunoregulatory protein that 
stimulates fibroblast differentiation and proliferation, the production of prostaglandins, 
collagenase and phospholipase by synovial cells and chondrocytes, basophil and eosinophil 
degranulation and neutrophil activation. Oppenheim, J.H. et al., Immunologv TnA»y 7.45.56 
(1986). As such, it is involved in the pathogenesis of chronic and acute inflammatory and 
autoimmune diseases. IL-l is predominantly produced by peripheral blood monocytes as 
part of the inflammatory response, Mosely. B.S. et al., Proc. Nat. Acad .^Sri ,, 84:4572-4576 
20 (1987); Lonnemann, G. et al., Eur. J. Immunol 19:1531-1536 (1989). 

Mammalian IL-ip is synthesized as a precursor polypeptide of about 31.5 kDa 
(Limjuco. et al.. Proc. Natl. Acad. Sci. USA, 82:3972, 1986). Precursor IL-lp is unable to 
bind to IL-l receptors and is biologically inactive (Mosley, et al., J. Biol. Chem., 262:2941. 
1987). Biological activity appears dependent upon proteolytic processing which results in 
25 the conversion of the precursor 3 1 .5 kDa form to the mature 1 7.5 kDa form. 

Proteolytic maturation of human precursor IL-lp to mature, 17 kDa IL-l p results 
from cleavage between Asp'" and Ala'". An endoproteinase. termed Interleukin- Ip 
Converting Enzyme (ICE), has been identified in human monocytes that is capable of 
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cleaving the IL-lp precursor at Asp'"*- Ala'", as well as at the site As,J' -Glf . and 
generating mature IL-ip with the appropriate amino terminus at Ala"'. The A^ at position 
116 has been found to be essential for cleavage, since substitution of Ala (Kostura. et aL, 
Proc. Natl. Acad. ScL, 86:5227. 1989) or other amino acids (Howard, aL, J. Immunol 
i47:2964. 1991) for Asp inhibits this cleavage event. 

The substrate specificity of human ICE has been defined with the use of peptides that 
span the cleavage site of the enzyme. Two features of peptide substrates are essential for 
catalytic recognition by the enzyme. First, there is a strong preference for aspartic acid 
adjacent to the cleavage site, in that any substitution of this residue in the IL-ip precursor 
and peptide substrates leads to a substantial reduction in the rate of catalysis (Kostura. et aL. 
Proc. NatL Acad. Sci., Sg:5227. 1989; Sleath. et aL. J. BioL Chem., 265:14526, 1990; 
Howard, et aL. J. ImmunoL. 142:2964. 1991). There is an equally stringent requiremeiit for 
four amino acids to the left of the cleavage site, whereas methylamine is sufficient to the 
right. The minimal substrate for the enzyme. AC-Tyr-Val-AIa-Asp-NH-CH„ is a 
particularly good peptide substrate with a relative Vmax/Km similar to that of the IL-ip 
precursor itself (Thomberry. et aL, Nature 356:768, 1992). 

ICE is a cysteinyl proteinase by the following criteria: (1) the diazomethylketone AC- 
Tyr-Val-Ala-Asp-COCHN, is a potent, competitive, irreversible inhibitor of the enzyme, (2) 
inactivation of the enzyme by iodoacetate is competitive with substrate, and (3) the 
catalytically active Cys reacts selectively with ["CJ iodoacetate more than 10 times faster 
than do other cysteines or dithiothreitol (Thombeny, et aL. Nature, 35^:768, 1992). 

ICE is related structurally and functionally to the CED-3 protease that functions as a 
cell death effector in the roundworm C. elegans (Yuan, et aL, Cell, 25:641, 1993). ICE and 
CED-3 form part of a larger family of proteases (the ICE/CED-3 family) that includes 
CPP32. ICH-1. Mch-2. ICE^Il. ICE„,III. Mch.3. Mch4 and Mch-5. All of these enzymes 
are cysteine proteases that share significant homology at their active sites. They also share 
the specificity for substrate cleavage at asp-x bonds. Additionally, each of the ICE/CED-3 
family members is synthesized as a pro-enzyme that is then proteolytically activated to fom, 
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an active enzyme. 

Thus, disease states in which inhibitors of the ICE/ced-S family of cysteine proteases 
may be useful as therapeutic agents include: infectious diseases, such as meningitis and 
salpingitis; septic shock, respiratory diseases; inflammatoiy conditions, such as arthritis, 
cholangitis, colitis, encephalitis, endocerolitis. hepatitis, pancreatitis and reperfusion injury, 
ischemic diseases such as the myocardial infarction, stroke and ischemic kidney disease; ' 
immune-based diseases, such as hypersensitivity; auto-fanmune diseases, such as multiple 
sclerosis; bone diseases; and certain neurodegenerative diseases. 

In various cell culture systems, it has been shown that inhibition of ICE/CED-3 
family members can effectively inhibit apoptosis. For example, the compound acetyl-DEVD- 
aldehyde inhibited anti-Fas induced apoptosis in a T-Iymphocyte ceil line (Schlegel, et ai. 
J. Biol. Chem., 221:1841. 1996; Enari. et al.. Nature, 380:723, 1996). Similarly, acetyl- 
YVAD-aldehyde and acetyl-YVAD-chloromethylketone blocked the death of motoneurons in 
vitro and in vivo (Milligan, et al.. Neuron, 15:385, 1995). In addition, the ICE/CED-3 
family inhibitor Boc-D.(benzyl) chloromethylketone as well as crniA prevented the cell 
death of mammary epithelial cells that occurs in the absence of extracellular matrix 
(Boudreau, et al.. Science, 267:891, 1995). 

It is known that control of apoptosis may have utility in treating disease. 
Specifically, inhibitors of the ICE/CED-3 family may have therapeutic effects. For example, 
it has been suggested that inhibition of ICE may be useful in the treatment of inflammatoiy 
disorders (Dolle, et al.. J. Med. Chem., 32:563, 1994; Thombeny. et al.. Biochemistry, 
33:3934, 1994). It is also known that inhibitors of ICE/CED-3 family members may have 
utihty in treating degenerative diseases such as neurodegenerative diseases {e.g., Alzheimer's 
disease, Parkinson's disease, amyotrophic lateral sclerosis, Huntington's disease), ischemic 
disease of heart or central nervous system (i.e., myocardial infarction and stroke), and 
traumatic brain injuiy, as well as in alopecia. AIDS and toxin induced liver disease 
(Nicholson. Nature Biotechnology i4:297, 1996). 



wo 98/10778 



PCT/US97/ld369 



Peptide and peptidyl inhibitors of ICE have been described. However, such 
inhibitors have been typically characterized by undesirable pharmacologic properties, such a 
poor oral absorption, poor stability and rapid metabolism. Plattner, J.J. and D.W. Norbeck, 
Dnig Discovery Technologies. C R. Clark and W.H. Moos, Eds. (Ellis Horwood, 
5 Chichester, England, 1990), pp. 92-126. These undesirable properties have hampered their 

development into effective drugs. The methods of this invention include either the use of 
conformationally constrained dipeptide mimetics or a N-substituted indolyl peptide 
replacement. These mimetics exhibit improved properties relative to their peptidic 
counterparts, for example, such as improved absorption and metabolic stability resulting in 
10 enhanced bioavailability. 
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SUMMARY 

The present invention is directed to preventing the programmed death of cells by 
inhibiting the activity of proteases of the interleukin-ip-converting enzyme (ICE)/CED-3 
family. The current invention provides new methods for using ICE/CED-3 inhibitors. The 
present invention provides a method of using ICE/CED-3 inhibitors to expand hematopoietic 
cell subpopulations, enhance survival of cells, including granulocytes, in vitro, for use in cell 
transfusions, enhance survival of various organs, and enhance bioproduction from cells in 
vitro. 

In a first embodiment, the invention provides a method for expanding hematopoietic 
cell populations or enhancing their survival, including contacting the cells with an effective 
amount of a reagent which suppresses the activity of at least one member of the ICE/CED-3 
family thereby inhibiting the programmed cell death of immature precursors and/or mature 
cells and expanding and/or enhancing the survival of the cell population. Cell populations 
included in the method of the invention include granulocytes, monocytes, erythrocytes, 
lymphocytes and platelets. 

In another embodiment, the invention provides a method for prolonging organ viability 
prior to and/or following transplantation, comprising contacting the cells of an organ with an 
inhibiting effective amount of a reagent which suppresses one or more ICE/CED-3 family 
members' activity, thereby prolonging the viability of the organ as compared to an untreated 
organ. An organ for transplantation can be treated with such a reagent either in vivo, ex vivo, or 
both. The organ may be either an intact organ, or isolated cells derived from an organ (e.g.. 
isolated pancreatic islet cells, isolated dopaminergic neurons, blood or hematopoietic cells). 

In yet another embodiment, the invention provides a method for increasing 
bioproduction in vitro comprising contacting bioproducing host cells with a reagent which 
suppresses the activity of at least one member of the ICE/CED-3 family, thereby increasing 
survival of such cells in vitro. 
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Exemplary compounds useful as ICE/CED-3 mhibitors are also included herein. 
Such compounds and methods of synthesis are described in their entirety in co-pending U.S. 
Patent Applications 08/710^621, filed 9/20/96 and 08/767,175, filed 12/16/96 and their 
respective continuations-in-part. 
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BRIEF DKSrRlPTiniM pp thf. nRAWn»/^«f 

Figure 1 sets forth the activity of the compounds in Fonnula A in inhibiting the activity of 
ICE and hCPP32 enzymes. 

Figure 2 illustrates the activity of the compounds in Formula B regarding recombinant ICE 
hCPP32, MCH2 and MCH5 enzymes. 

Figure 3 iUusti-ates the activity of the compomids in Formula C regarding recombinant ICE 
CPP32, MCH2 and MCH5 enzymes. 

Figure 4 sets forth the activity of compounds in Formula D in inhibiting the activity of ICE 
CPP32, MCH2, MCH3 and MCH5 enzymes. 

Figure 5 sets forth the activity of Example 106 in inhibiting the activity of ICE, CPP32 
MCH2 and MCH5. 

Figure 6 shows results deivied from FACS analysis demonstrating the effect of ICE/CED-3 
inhibitors on neutrophil survival as measured by DNA content (% hypodiploid). 

Figure 7 shows the effect of ICE/CED-3 inhibitors or neutrophil survival as measured by tiie 
ability of live neutrophils to undergo oxidative burst 



DETAILED DRSPRTPTI On OF THP INVENTinN 
The present invention provides methods for the inhibition of programmed cell deatii, or 
apoptosis, by inhibition of members of the ICE/CED-3 family. This would include not only 
inhibitors of ICE/CED-3 enzymatic activity, but also any method which specifically prevents 
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the expression of ICE/CED-3 family encoding genes. TTius, antisense RNA or DNA comprised 
of nucleotide sequences complementaiy to ICE/CED-3 family member genes and capable of 
inhibiting the transcription or translation of the relevant proteins, expression of dominant 
negative fomis of the ICE/CED-3 proteases {e.g. mutants engineered to replace the active site 
cysteine with another amino acid, like serine or alanine), or antibodies which bind to ICE/CED- 
3 family polypeptides, are within the scope of die invention, as are small molecule inhibitors, 
including peptides. 

Before describing the mediods of the invention, compomids useful in the methods of 
the invention are described below: 



(CH2)„ 




Formula 1 



wherein: 

n is 1 or 2; 

R' is alkyl, cycloalkyl, (cycloalkyl)alkyl, phenyl, (substituted)phenyl. 
phenylalkyl, (substituted)phenylalkyl. heteroaiyl, (heteroaryl)alkyl or 
(CHj)„COiR*, wherein 
m = 1-4, and R*is as defined below; 
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is a hydrogen atom, chloro, alkyl, cycloalkyl,(cycloalkyl)alkyl, phenyl, 
(substituted)phenyl, phenylalkyi, 

(substituted)phaiylalkyl, hcteroaryl, (heteroaryl)alkyl or (CH2)pC02R^ wherein 
p - (M, and is as defined below; 

R^ is a hydrogen atom, alkyl, cycloalkyl, (cycloalkyl)alkyl, phenylalkyi, or 
(substituted)phenylalkyl; 

R^ is a hydrogen atom, allcyl, cycloalkyl, (cycloalkyl)alkyl, phenylalkyi, or 
(5ubstituted)phenylalkyl; 

is a hydrogen atom, alkyl, cycloalkyl, (cycloalkyl)alkyl, phenylalkyi, or 
(substituted)phenylall^l; 

A is a natural or mmatural amino acid; 

B is a hydrogen atom, a deuterium atom, alkyl, cycloalkyl, (cycloalkyl)alkyl, 
phenyl, (substituted)phenyl, phenylalkyi, (substituted)phenylalkyl, heteroaryl, 
(heteroaryl)alkyl, halomethyl, CHjZR^ CHjOCOCaryl), or 
CH20CO(heteroarylX or CH20P0(R^)R', where Z is an oxygen or a sulfur 
atom; 

R* is phenyl, substituted phenyl, phenylalkyi, (substituted phenyl)alkyl, 
heteroaryl or (heteroaryl)alkyl; and 

R^ and R" are independently selected from a group consisting of alkyl, 
cycloalkyl, phenyl, substituted phenyl, phenylalkyi, (substituted phenyl) alkyl 
and (cycloalkyl) alkyl; and 
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X and Y are independently selected from the group consisting of a hydrogen 
atom, halo, trihalomethyl, amino, protected amino, an amino salt, 
mono-substituted amino, di-substituted amino, carboxy, protected carboxy, a 
carboxylate salt, hydroxy, protected hydroxy, a salt of a hydroxy group, lower 
alkoxy, lower alkylthio, alkyl, substituted alkyl, cycloalkyl, substituted 
cycloaUcyl, (cycloalkyl)alkyl, substituted (cycloalkyl)alkyl, phenyl, substituted 
phenyl, phenylalkyl, and (substituted phenyl)alkyl; or a phannaceutically 
accq)table salt thereof. 
As used in the above formula 1 and in formula 3 below, the term ''alkyl" means a 
straight or branched C] to Q carbon chain such as methyl, ethyl, tert-butyl, iso-propyl, 
n-octyl, and the like. 

The term "cycloalkyl" means a mono-, bi-, or tricyclic ring that is either fully 
saturated or partially unsaturated. Examples of such a ring include cyclopropyl, cyclobutyl, 
cyclopentyl, cyclohexyl, cycloheptyl, adamantyl, cyclooctyl, cis- or trans decalin, 
bicyclo[2.2.1]hepl-2-ene, cyclohex-l-enyl, cyclopent-l-enyl, 1,4-cyclooctadienyl, and the 
like. 

The term "(cycloalkyl)alkyl" means the above-defined alkyl group substituted with 
one of the above cycloalkyl rings. Examples of such a group include (cyclohexyl)methyl, 
3-(cyclopropyl)-n-propyl, 5-(cyclopentyl)hexyl, 6-(adamantyl)hexyl, and the like. 

The term "substituted phenyl" specifies a phenyl group substituted with one or more, 
and preferably one or two, moieties chosen from the groups consisting of halogen, hydroxy, 
protected hydroxy, cyano, nitro, trifluoromethyl, C, to C, alkyl, C , to Q alkoxy, C, to C7 
acyl, C, to Cj acyloxy, carboxy, protected carboxy, carboxymethyl, protected carboxymethyl, 
hydroxymethyl, protected hydroxymethyl, amino, protected amino, (monosubstituted)amino, 
protected (monosubstituted)amino, (disubstituted)amino, caiboxamide, protected 
carboxamide, N-(C, to Q alkyl)carboxamide, protected N-(C, to alkyl)carboxamide, 
N,N-di(C, to Q alkyl)carboxamide, N-((C, to Q alkyl)sulfonyl)amino, 
N-(phenylsulfonyl)amino or by a substituted or unsubstituted phenyl group, such that in the 
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latter case a biphenyl or nsqibthyl group results. 

Examples of the term "substituted phenyl" includes a mono- or di(halo)phenyl group 
such as 2-, 3- or 4-chlorophenyl, 2,6-dichlorophenyl, 2,5- 

dichlorophenyl. 3,4-dichlorophenyl. 2-.3- or 4-biomophenyl. 3,4.dibromophenyl. 3-chloro-4. 
nuorophenyl, 2-. 3- or 4-fluorophenyl and the like; a mono or di(hydroxy)phenyI group such 
as 2-, 3-, or 4-hydroxyphenyl, 2,4-dihydroxyphenyl, the piotected-hydroxy derivatives 
thereof and the like; a nitrophenyl group such as 2-. 3-. or 4-nitrophenyl; a cyanophenyl 
group, for example, 2-,3- or 4-cyanophenyI; a mono- or di(alkyl)phenyl group such as 2-, 3-, 
or 4.methylphenyl, 2,4-dimethylphenyl, 2-, 3- or 4-(iso-propyl)phenyl, 2-, 3-, or 
4-ethylphenyl. 2-. 3- or 4.(n-propyl)phenyl and the like; a mono or di(alkoxy)phenyl group, 
for example. 2,6-dimethoxyphenyl. 2-, 3- or 4-(iso.propoxy)phenyl, 2-, 3- or 
4-(t-butoxy)phenyl, 3-ethoxy-4-methoxyphenyI and the like; 2-. 3- or 
4-trifluoromethylphenyl; a mono- or dicarboxyphenyl or (protected carboxy)phenyl group 
such as 2-. 3- or 4-caiboxyphenyl or 2,4-di(protected carboxy)phenyl; a mono- or 
di(hydroxymethyl)phenyl or (protected hydroxymethyl)phenyl such as 2-, 3- or 4-(protected 
hydroxymethyl)phenyl or 3,4- 

di(hydroxymethyl)phenyl; a mono- or di(aminomethyl)phenyl or (protected 
aminomethyOphenyl such as 2-, 3- or 4-(aminomethyl)phenyl or 2,4-(protected 
aminomethyOphenyl; or a mono- or di(N-(methylsulfonylamino))phenyl such as 2, 3 or 
4-(N-(methylsulfonylamino))phenyI. Also, the term "substituted phenyl" represents 
disubstituted phenyl groups wherein the substituents are different, for example, 
3-methyl-4-hydroxyphenyl, 3-chloro-4- 

hydroxyphenyl, 2-methoxy-4-bromophenyl, 4-ethyl-2-hydroxyphenyl, 
3-hydroxy-4-nitrophenyl, 2-hydroxy-4-chlorophenyl, and the like. 

The tenn "(substituted phenyl)alkyl- means one of the above substituted phenyl 
groups attached to one of the above-described alkyi groups. Examples of such groups 
include 2-phenyl-l-chloroethyl, 2-(4'- 
methoxyphenyI)ethyI, 4-(2',6'-dihydn)xy phenyl)n-hexyl. 
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2- (5^cyano-3 '-methoxyphenyl)n-pentyl, 3-(2\6'-dimethyIphenyl)n-propyI, 
4-chloro-3-aminobenzyl, 6-(4'-methoxyphenyI)-3-carix>xy(n-hexyl). 5-(4'- 
aminomethylphenyI)-3-(aminomethyl)n-pentyI, 5-phenyl- 

3- oxo-n-pent«l-yl, (4-hydroxynapth-2-yl)methyI, and the like. 

The terms Tialo" and "halogen" refer to the fluoro, chloro, bromo or iodo groups. 
There can be one or more halogen, which are the same or different. Preferred halogens are 
chloro and fluoro. 

The term "aryl" refers to aromatic five and six membered carbocyclic rings. Six 
membered rings are preferred. 

The term •Tieteroaryr denotes optionally substituted five-membered or six-membered 
rings that have 1 to 4 heteroatoms, such as oxygen, sulfur and/or nitrogen atoms, in 
particular nitrogen, either alone or in conjunction with sulfur or oxygen ring atoms. These 
five-membered or six-membered rings are fully unsaturated. 

The following ring systems are examples of the heterocyclic (whether substituted or 
unsubstituted) radicals denoted by the term "heteroaryr: thiaiyl, furyl, pyrrolyl, 
pyrrolidinyl, imidazolyl, isoxazolyl, triazolyl, thiadiazolyl, oxadiazolyl, tetrazolyl, 
thiatriazolyl, oxatriazolyl, pyridyl, pyrimidyl, pyrazinyl, pyridazinyl, oxazinyl, triazinyl, 
thiadiazinyl tetrazolo. l,5-[b]pyridazinyl and purinyl, as well as benzo-fused derivatives, for 
example, benzoxazolyl, benzothiazolyl, benzimidazolyl and indolyl. 

Substituents for the above optionally substituted heteroaiyl rings are from one to 
three halo, trihalomethyl, amino, protected amino, amino salts, mono-substituted amino, 
di-substituted amino, carboxy, protected carboxy, carboxylate salts, hydroxy, protected 
hydroxy, salts of a hydroxy group, lower alkoxy, lower alkylthio, alkyl, substituted alkyl, 
cycloaikyi, substituted cycloalkyl, (cycloalkyl)alkyl, substituted (cycloalkyl)alkyl, phenyl, 
substituted phenyl, phenylalkyl, and (substituted phenyl)alkyl groups. Substituents for the 
heteroaryl group are as heretofore defined, or as set forth below. As used in conjunction 
with the above substituents for heteroaryl rings, -trihalomethyl" can be trifluoromethyl, 
trichloromethyl, tribromomethyl or triiodomethyl, "lower alkoxy" means a C, to C4 alkoxy 
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group, similarly, "lower alkylthio" means a C, to Q alkylthio group. The term "substituted 
alkyl" means the above-defined alkyl group substituted from one to three times by a 
hydroxy, protected hydroxy, amino, protected amino, cyano, halo, trifluoromethyl, 
mono-substituted amino, di-substituted amino, lower alkoxy, lower alkylthio, carboxy, 
protected carboxy, or a carboxy, amino, and/or hydroxy salt. As used in conjunction with 
the substituents for the heteroaryl rings, the terms ''substituted (cycloalkyl)alkyr and 
"substituted cycloalkyl" are as defined above substituted with the same groups as listed for a 
•'substituted alkyl" group. The term "(monosubstituted)amino" refers to an amino group with 
one substituent chosen from the group consisting of phenyl, substituted phenyl, alkyl, 
substituted alkyl, C| to acyl, C 2 to C7 alkenyl, Cj to C 7 substituted alkenyl, Q to Q 
alkynyl, C7 to C,^ alkylaryl, C7 to C,^ substituted alkylaryl and heteroaryl group. The 
(monosubstituted)amino can additionally have an amino-protecting group as encompassed by 
the term "protected (monosubstituted)amino." The term "(disubstituted)amino" refers to 
amino groups with two substituents chosen from the group consisting of phenyl, substituted 
phenyl, alkyl, substituted alkyl, C, to Q acyl, to C, alkenyl, to C7 alkynyl, C7 to 
C,6 alkylaryl. Q to substituted alkylaryl and heteroaryl. The two substituents can be the 
same or different. The term "heteroaryl(alkyl)" denotes an alkyl group as defined above, 
substituted at any position by a heteroaryl group, as above defined. 

Furthermore, the above optionally substituted five-membered or six^membered 
heterocyclic rings can optionally be fused to a aromatic 5-membered or 6-membered aryl or 
heteroaryl ring system. For example, the rings can be optionally fused to an aromatic 
S-membered or 6-membered ring system such as a pyridine or a triazole system, and 
preferably to a benzene ring. 

The term "phamiaceutically-acceptable salt" encompasses those salts that form with 
the carboxylate anions and includes salts formed with the organic and inorganic cations such 
as those chosen from the alkali and alkaline earth metals, (for example, lithium, sodium, 
potassium, magnesium, barium and calcium); and ammonium ion; and the organic cations 
(for example, dibenzylammonium, benzylanmionium, 2-hydroxyethylammonium, 
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bis(2-hydroxyethyl)ammonium, phenylethylbaizylammonium, dibenzylethylenediammonium, 
and like cations.) CWier cations encompassed by the above term include the protonated form 
of procaine, quinine and N-methylglucosamine, the protonated forms of basic amino acids 
such as glycine, ornithine, histidine, phenylglycine, lysine, and arginine. Furthermore, any 
zwitterionic form of the instant compounds formed by a carboxylic add and an amino group 
is referred to by this term. A prefored cation for the caiboxylate anion is the sodium 
cation. Furthermore, the term includes salts that form by standard acid-base reactions with 
basic groups (such as amino groiqjs) and includes organic or inorganic acids. Such acids 
include hydrochloric, sulfuric, phosphoric, acetic, succinic, citric. lactic, maleic, fumaric. 
palmitic, cholic, pamoic, mucic, D-glutamic, D-camphoric, glutaric, phthalic, tartaric, lauric, 
stearic, salicyclic, methanesulfonic. benzenesulfonic, soibic, picric, benzoic, cinnamic, and 
the like acids. 

The compounds of Formula 1 m^ also exist as solvates and hydrates. Thus, these 
compounds may crystallize with, for exan^Ie, waters of hydration, or one, a number of, or 
any fraction thereof of molecules of the mother liquor solvent. The solvates and hydrates of 
such compoimds are included within the scope of this invention. 

The term "carboxy-protecting group" as used herein refers to one of the ester 
derivatives of the carboxylic acid group commonly employed to block or protect the 
carboxylic acid group while reactions are carried out on other functional groups on the 
compound. Examples of such carboxylic acid protecting groups include t-butyl, 
4-nitrobenzyl, 4-methoxybenzyl, 3,4-dimethoxybenzyl, 2,4-dimethoxybenzyl, 
2,4,6-trimethoxybenzyl, 2,4,6-trimethyIben2yl, pentamethylbenzyl, 
3,4-methylenedioxybenzyl, benzhydryl, 4,4'.dimethoxytrityl, 4,4',4"-trimethoxytrityl, 
2-phenylpropyl, trimethylsilyl. t-butyldimethylsilyl, phenacyl, 2,2,2-trichloroethyI, 
p.(trimethylsilyl)ethyl, p-(di(n-butyl)methylsilyl)ethyl, p-toluenesulfonylethyl, 
4-nitrobenzylsulfonylethyl, allyl. cinnamyl. l-(trimethylsilylmethyI).propenyl and like 
moieties. The species of carboxy-protecting group employed is not critical so long as the 
derivatized carboxylic acid is stable to the conditions of subsequent reaction(s) and can be 
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removed at the appropriate point without disnipting the remainder of the molecule. Further 
examples of these groups are found in C3. Reese and E. Haslam, "Protective Groups in 
Organic Caiemistry," J.G.W. McOmie. Ed., Plenum Press. New York. NY, 1973, Chapter 5, 
respectively, and T.W. Greene and P.G.M. Wuts, "Protective Groups in Organic'synthesis." 
2nd ed.. John Wiley and Sons, New York, NY, 1991, Chapter 5. each of which is 
incorporated herein by reference. A related tenn is "protected carboxy." which refers to a 
caiboxy group substituted with one of the above carboxy-protecting groups. 

The term "hydroxy-protecting group" refers to readily cleavable groups bonded to 
hydroxyl groups, such as the tetrahydropyranyl. 2.methoxyprop-2-yl, 1-ethoxyeth-l-yl, 
methoxymethyl, P-methoxyethoxymethyl, methylthiomethyl. t-butyl. t-amyl, trityl, 4- 
methoxytrityl. 4,4'-dimethoxytrityl, 4,4' A"- 
trimethoxytrityl. benzyl, allyl, trimefliykilyl, (t-butyl)dimethylsilyl, 
2,2,2-trichloroethoxycarbonyl, and the like. 

Further examples of hydroxy-protecting groups are described by C.B. Reese and E. 
Haslam, "Protective Groups in Organic Chemistry," J.G.W. McOmie, Ed., Plenum Press, 
New York. NY, 1973, Chapters 3 and 4, respectively, and T.W. Greene and P.G.M. Wuts, 
"Protective Groups in Organic Synthesis." Second Edition. John Wiley and Sons, New Yoric. 
NY, 1991, Chapters 2 and 3. A preferred hydroxy-protecting group is the tert-butyl group. 
The related tem "protected hydroxy" denotes a hydroxy group bonded to one of the above 
hydroxy-protecting groups. 

The term "amino-protecting group" as used herein refers to substituents of the amino 
group commonly employed to block or protect the amino functionality while reacting other 
fimctional groups of the molecule. The term "protected (monosubstituted)amino" means 
there is an amino-protecting group on the monosubstituted amino nitrogen atom. 

Examples of such amino-protecting groups include the foimyl ("For") group, the 
trityl group, the phthalimido group, the tiichloroacetyl group, the triJduoroacetyl group, the 
chloroacetyl, bromoacetyl. and iodoacetyl groups, uretiiane-type protecting groups, such as 
t-butoxycaibonyl ("Boc"), 2-(4-biphenylyl)propyl. 
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2-oxycarbonyl f'Bpoc"), 2-phenylpropyl-2-oxycarbonyl ("Toe"), 

2-(4-xenyl)isopropoxycarbonyI, 1,1- 

diphenylethyH-oxycarbonyl, 1,1-diphenylpropyH- 

oxycarbonyl, 2-(3,5-dmiethoxyphenyI)propyl-2-oxycarbonyl ("Ddz"), 

2-(p-toluyl)propyI-2-oxycarbony I, cyclopentanyloxycarbonyl, 1 -mcthylcyclopentanyl- 

oxycarbonyl, cyclohexanyloxy-carbonyl, Umethyl-cyclohexanyloxycaibonyl, 

2-methylcyclohexanyl- 

oxycarbonyl, 2-(4-toIuyIsuIfonyl)ethoxycarbonyl, 2-(methylsulfonyl)cthoxycarbonyl, 
2-(triphenylphosphino)- 

ethoxycarbonyl, 9-fluorenylmethoxycarbonyI (Tmoc'O, 2-(trimethylsilyl)ethoxycarbonyl, 
aliyloxycarbonyl, 1 -(trimethylsilylmethyl)prop- 1 -enyloxycaibonyl, 

5-benzisoxalylmethoxycarbonyl, 4-acetoxybOTzyl-oxycarbonyl, 2,2,2-trichloroethoxycarbonyI, 
2-ethynyl-2-propoxycarbonyl, cyclopropylmethoxycarbonyl, isobornyloxycaibonyl, 

1- piperidyloxycaibonyl. benzyloxycarbonyl f Cbz"), 4.phenyIbenzyloxycarbonyl, 

2- methyIbenzyloxycari)onyl, a-2,4,5,-tetramethyIbeii2yl-oxycarbonyI C'Tinz"), 
4-methoxybenzyloxycarbonyl, 4-fluoroben2yIoxycarbonyl, 4-chlorobenzyloxycarbonyl, 

3- chlorobenzyloxycarbonyl, 2-chlorobenzyloxycarbonyl, 2,4-dichlorobenzyloxycarbonyl, 

4- bromoben2yloxycarbonyl, S-bromobenzyloxycarbonyl, 4-nitrobOT2yloxycarbonyl, 
4-cyanoben2yloxycarbonyl, 4-(decyloxy)ben2yloxycarbonyl and the like; the 
benzoybnethylsulfonyl group, the 2,2,5,7,8-pentamethylchroman-6-sulfonyl group ("PMC"), 
the dithiasuccinoyl (''Dts") group, the 2-(nitro)phenyl-sulfenyl group CTvIps"), the 
diphenyjphosphine oxide group, and like amino-protecting groups. The species of 
amino-protecting group employed is not critical so long as the derivatized amino group is 
stable to the conditions of the subsequent reaction(s) and can be removed at the appropriate 
point without disrupting the remaind«r of the molecule. Preferred amino-protecting groups 
are Boc, Cbz and Fmoc. Further examples of amino-protecting groups embraced by the 
above term are well known in organic synthesis and the peptide art and are described by, for 
example, T.W. Greene and P.G.M. Wuts, "Protective Groups in Organic Synthesis," 2nd ed., 
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John Wiley and Sons, New York, NY. 1991. Chapter 7. M. Bodanzsky. "Principles of 
Peptide Synthesis." 1st and 2nd revised Ed.. Springer-Verlag. New York. NY. 1984 and 
1993. and J.M. Stewart and JJJ. Young. "Solid Phase Peptide Synthesis." 2nd Ed., Pierce 
Chemical Co.. Rockford. IL. 19H E. Atherton and R.C. Shephard. "Solid Phase Peptide 
Synthesis - A Practical Approach" IRL Press. Oxford. England (1989). each of which is 
incoTK,rated herein by reference. TTie related tenn "protected amino" defines an amino 
group substituted with an amino-protecting group discussed above. 

The terns "natural and unnatural amino acid" refere to both the naturally occurring 
amino acids and other non-proteinogenic a-amino acids commonly utilized by those in the 
peptide chemistry arts when preparing synthetic analogues of naturally occuiring peptides, 
including D and Lfoms. The naturally occurring amino acids are glycine, alanine, valine, 
leucine, isoleucine. serine, methionine, threonine, phenylalanine, tyrosine, tryptophan, 
cysteine, proline, histidine, aspartic acid, asparagine, glutamic acid, glutamine, 
Y-carboxyglutamic acid, arginine, ornithine and lysine. Examples of umiatural alpha-amino 
acids include hydroxylysine. citrulline, kynurenine, (4-aminophenyl)alanine, 
3-(2'-naphthyl)alanine. 3-(r-naphthyl)alanine, methionine sulfone, (t-butyl)alanine, 
(t-butyl)glycine, 4-hydroxyphenyl-g]ycine. aminoalanine, phenylglycine. vinylalanine, 
propargyLgylcine, 1 ,2,4-triazolo-3-alanine, thyronine. 6-hydroxytryptophan. 
5-hydroxytiyptophan, 3-hydroxy-kynurenine, 3-aminotyrosine, trifluoromeftylalanine. 

2- thienylalanine. {2-(4-pyridyl)ethyl)cysteine, 3.4-dimethoxy-phenylalanine. 

3- (2'-tiiiazolyl)aIanine, ibotenic acid. 1 -amino- 1-cycIopentane-carboxyUc acid. 
1-amino-l-cyclohexanecarboxylic acid, quisquahc acid. 3-(trifluoromethylphenyl)alanine, 
(cyclohexyl)glycine. thiohistidine. 3-methoxytyrosine. norieucine. norvaline. alloisoleucine, 
homoarginine, thioproline, dehydro-proline. hydroxyproline. homopioline, indoIine-2. 
carboxylic acid, l,2,3,4-tetrahydroisoquinoBne-3. 

carboxylic acid. l,2,3.4-tetrahydroquinoline-2-carboxylic acid, a-amino-n-butyric acid, 
cyclohexylalanine. 2-amino-3-phenylbutyric acid, phenylalanine substituted at the ortho, 
meta, or para position of the phenyl moiety with one or two of the following groups: z (C, 
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to CJalkyl, a (C, to Q)alkoxy, a halogen or a nitro group, or substituted once with a 
methylenedioxy group; p-2- and 3-thienylalanine; p-2- and 3-fiiranylalanine; P-2-, 3- and 
4-pyridylalanine; P-(benzothienyl-2- and 3-yl)alanine; p-(l- and 2-naphthyl)alanine; 
0-alkylated derivatives of serine, threonine or tyrosine; S-alkylated cysteine, S-alkylated 
homocysteine, the 0-sulfate, 0-phosphate and 0-carboxylate esters of tyrosine; 
3-(sulfo)tyrosine, 3-(carboxy)tyrosine, 3-(phospho)tyrosine, the 4-methane- 
sulfonic acid ester of tyrosine, 4-niethanephosphonic acid ester of tyrosine, 
3,5-diiodotyrosine, 3-nitrotyrosine, e-alkyllysine, and delta-alkyl ornithine. Any of these 
a-amino acids may be substituted with a methyl group at the alpha position, a halogen at 
any position of the aromatic residue on the a-amino side chain, or an appropriate protective 
group at the O, N, or S atoms of the side chain residues. Appropriate protective groups are 
discussed above. 

Depending on the choice of solvent and other conditions known to the practition^ 
skilled in the art, compounds of this invention may also take the ketal or acetal form, which 
forms are included in the instant invention. 

In addition, it should be understood that the equilibrium forms of the compounds of 
this invention may include tautomeric forms. All such forms of these compounds are 
expressly included in the present invention. 

The compounds useful in the methods of the invention may be modified by 
appropriate functionalities to enhance selective biological properties. Such modifications are 
known in the art and include those which increase biological penetration into a given 
biological system {e.g., blood, lymphatic system, central nervous system), increase oral 
availability, increase solubility to allow administration by injection, alter metabolism and 
alter rate of exertion. In addition, the compounds may be altered to pro-drug form such that 
the desired compound is created in the body of the patient as the result of the action of 
metabolic or other biochemical processes on the pro-drug. Some examples of pro-drug 
forms include ketal, acetal, oxime, and hydrazone forms of compounds which contain ketone 
or aldehyde groups, especially where they occur in the group donated as "A" in Formula I or 
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the modified aspartic or glutamic residues attached to the group denoted as "A". 

In the above Formula 1 or in Formula 3 below, a group of optimal compounds 
occurs when n is one. more so when B is a hydrogen atom, and especially so when is a 
hydrogen atom or a t-butyl group. Of note within this group of compounds as those when A 
is naturally-occurring ammo acid. This latter group of compounds will be referred to herein 
as the "4-oxobutanoic compounds". 

Within this group of 4-oxobutanoic compounds is a group of optimal compounds 
wherein R' is a methyl group, that is. the N-methylindolc compounds. One embodiment of 
this group of N-methylindole compounds occurs when A is an alanine, valine, leucine, 
phenylalanine, glycine or a proline residue. Cbmpounds of note within each one of these 
groups of natural amino acid, N-methylindole compounds occur when the N-methylindole is 
otherwise unsubstituted, that is. wherein X. Y and R' are each a hydrogen atom, and 
optimally so when R' is a hydrogen atom. 

Another optimal group of 4-oxobutanoic compounds consists of the N-benzylindole 
compounds. For example, one group of the N-benzylindole compounds occurs when A is an 
alanine residue. Of note within this group of alanine compounds are those in which X, Y 
and R^ are each a hydrogen atom, and especially so where R is a hydrogen atom. 

An alternate optimal group of 4-oxobutanoic compounds occurs when the 
N-substimem of the indole group is a 1-butenyl group. An embodiment of this group of 
N-(l.butenyl)indole compounds occurs when A is a valine residue, and especially so when 
X, Y and R' are each a hydrogen atom. An optimal group of this latter group of compounds 
occurs when is a hydrogen atom. 

Yet another group of optimal 4-oxobutanoic compounds occurs when the 
N-substituent of the indole ring is a 2'-acetic acid residue. An exemplary group of the 
N-(2'-aceuc acid compounds) occurs when A is an alanine residue. An embodiment of this 
particular group of alanine compounds occurs when X, Y and R^ are each a hydrogen atom, 
and especially so when R' is a hydrogen atom. 
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A group of the 4-oxobutanoic compounds when the indole group is substituted on the 
nitrogen with 3 '-propionic acid residue is another example of this invention. An optimal 
group of such N-(propionic acid)indole compounds occurs when A is an alanine residue. Of 
note within this group of alanine compounds are those when X, Y and are each a 
hydrogen atom, and especially so when is a hydrogen atom. 

Another optimal group of compounds of Formula 1 occurs wherein n is one and 
more so when B is a monofluoromethyl group. An embodiment of these monofluoromethyl 
compounds occurs when R^ is a hydrogen atom or a t-butyl group, and an even more so 
when A is a natural amino acid. An exanq>le of these compounds wherein A is a natural 
amino acid occurs when A is a valine residue. This latter group of valine compounds will 
be referred to herein as the "4-oxo-5-(fluoropentanoic acid) compounds". 

One optimal group of 4-oxo-5-(fluoropentanoic acid) compounds occurs when R^ is a 
methyl groiq}, in other words, the N-methylindole compounds. An exemplary group of such 
N-methylindole compounds occurs when R^ is a methyl group and X and Y are each a 
hydrogen atom, and especially so when R^ is a hydrogen atom. Another exemplary group of ' 
such N-methylindole compounds occurs when R' is a chloro atom and X and Y are each a 
hydrogen atom, and especially so when R^ is a hydrogen atom. A third exemplary group of 
N-methylindole compounds occurs when R^ is a chloro group, X is a 5-fluoro group, and Y 
is a hydrogen atom, and especially so when R^ is a hydrogen atom. 

Another optimal group of 4-oxo-5-(fluoro-pentanoic acid) compounds is composed of 
N-(3'-phenylprop-l-yl)indole compounds. A group of note within this latter class of 
compounds occurs when R^, X and Y are each a hydrogen atom, and especially so when ft 
is a hydrogen atom. 

A third optimal group of 4-oxo*5-(fluon>-pCTtanoic acid) compounds has an 
N-(carboxymethyl or protected carboxymethyl)indo]e moiety. An embodiment of this group 
occurs wherein R^ X and Y are each a hydrogen atom, and especially so wherein ft is a 
hydrogen atom and the nitrogen atom of the indole ring is substituted with a carboxymethyl 
group. 
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Another optimal class of compounds of Fonnula 1 occur when n is one and B is a 
(2.6-dichlorobenzyloxy).methyl group and especially so when is a hydrogen atom or a t- 
butyl group, and when A is a natural amino acid. An example of such a compounds occurs 
when R' is a methyl group and especially so when is a methyl group. 

The compounds of Formula 1 may be synthesized using conventional techniques as 
discussed below. Advantageously, these compounds are conveniently synthesized from 
readily available starting materials. 

One synthetic route for synthesizing compounds is set forth in the following Scheme 

1: 
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In the above Scheme I. Fonnula (2), that is H2N-(Glu, Asp), is a modified aspartic 
or glutamic acid residue of Formulas 2a through 2d: 



o 

J 

[CH3m\ 



H2N 




FORMULA 2a ; 



OR^ 



H2N 




Ms 



1 



FORMULA 2b 
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In the above Scheme I, ® stands for an amino protecting group and (A) stands for a 
natural or unnatural amino acid, as discussed above. 

The modified aspartic or glutamic acids of Formula 2a-d can be prepared by methods 
well known in the art. See, for example, European Patent Application 519,748; PCX Patoit 
Application No. PCT/EP92/02472; PCT Patent Application No. PCT/US91/06595; PCT 
Patent AppUcation No. PCT/US91/02339; European Patent Application No. 623,592; World 
Patent Application No. WO 93/09135; PCT Patent Application No. PCT/US94/08868; 
European Patent Application No. 623,606; European Patent Application No. 618,223; 
European Patent Application No. 533,226; European Patent Application No. 528,487; 
European Patent Application No. 618,233; PCT Patent Application No. PCT/EP92/02472; 
World Patent Application No. WO 93/09135; PCT Patent Application No. PCT/US93/03589; 
and PCT Patent Application No. PCT/US93/00481, all of which are herein incorporated by 
reference. 

The coupling reactions carried out under Step A are performed in the presence of a 
standard peptide coupling agent such as the combination of the combination of 
dicyclohexylcarbodiimide(DCQ and l-hydroxy-benzotria2ole(HOBt), as well as the BOP 
(benzotriazolyloxy-trio-(dimethylamino)phosphonium hexafluorophoq)hate) reagent, pyBOP 
(benzotriazolyloxy-tris(N-pyrolidinyl^ho^honiumhexafluorophosphate), HBTU (O- 
benzotriazolyly-tetramethylisouromum-hexafluorophosphate), and EEDQ (l'- 
ethyloxycaibonyl-2-ethyloxy-I,2-dihydn)quinoline) reagaits, the combination of 
l-ethyl(3,3'-dimethyl-l '-aminopropyOcarbodiimide (EDAQ and HOBt, and the like, as 
discussed in J. Jones, "Amino Acid and Peptide Synthesis," Stev«i G. Davis ed., Oxford 
University Press, Oxford, pp. 25-41 (1992); M. Bodanzky, "Principles of Peptide Synthesis." 
Hafiier et al. ed.. Springer- Verlag, Berlin Heidelberg, pp. 9-52 and pp. 202-251 (1984); M. 
Bodanzky, 'Teptide Chemistry. A Practical Textbook," Springer- Verlag, Berlin Heidelberg, 
pp. 55-73 and pp. 129-180; and Stewart and Young, "Solid Phase Peptide Synthesis," Pierce 
Chemical Company, (1984), all of which are herein incorporated by reference. The amino 
protecting group is then removed and the resulting amine is coupled to the 2-(carboxy)indole 
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of ( ) (S«p B). Ag»™. «»s ccpa^ ^» ^ ^ ^ 

.s de.nb«l for ^ i, B„wn. R.T. »d ;^ .h.^,,, 

m a™^J_(V„l 4 of c™^v. Org,^ ao^sTy. ^ D. B»„„ W.D. OUis, 
0 79). orfo.^. „ , .^^^ ^ 

Hctcocycl. 0»^™,s [«,. A. W«s*,^ B.C Taylor,, Vol. 25. Pam 1-3), Wiley 

H«««oycUc C,n^y A. Wdssta^ 3„a B.C. laylorj. Vol. 25. Pa« 4) Wiley 
in^^ N«, y„l, (1979); ,11 of wMeh are i„co,„„,ed he^iU, by „fere„ee 

ta a« case wh«» ft. coupling ^.^ 
Ponn-la 2c fte alcohol „»ie.y b. oxidized ■„ eo.espo«S.g carbony, 
pnor u, re™>val of a,. p„tec«ng g„up.. p,efe:.ea mefto* for oxidaUon reacSo. 
"««e Swe™ o,ida.„ (oxalyl chloride^i„,«by, sulfoxide, me%le„e chloride a, -7rC 
foUowed by «e*yla,„i„,; ^ ^.^^^ ^^^^ ^ ^ ^ ^ 

™l m«l,yle.e chloride.) The p,o«cU„g groups co„«i„cd i„ s„bsm^ „f 

removed by meftods well taown i„ ^ reacUons a«l ,e„,c,val of 

some or of pr„,ecU.g groups are involved in Step C i„ fte above Scheme 
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The compounds of Formula 3, below, are also useful in the methods of the 
invention: 




FORMULA 3 

wherein: 

n is 1 or 2; 
m is 1 or 2; 

A is R^CO, R'H>CO-, or R^SOj-; 
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a group of the formula: 




further wherein: 

R' is a hydrogen atom, alkyl or phenylalkyl; 

is alkyl. cycloalkyl. (cycloalkyl)alkyl. phenyl, phenylalkyl. substituted 
phenyl, (substituted phenyl)alkyl. heteroaryl. or (heteroaryl)alkyl; 

R' is alkyl, cycloalkyl. (cycloalkyl)alkyl, phenylalkyl. or (substituted 
phenyl)alkyl; 

R^ is alkyl. cycloalkyl. (cycloalkyl)alkyl, phenyl, phenylalkyl. substituted 
phenyl, (substituted phenyl)alkyl. heteroaryl, or (heteroaiyl)alkyl; 

R* is alkyl. cycloalkyl. (cycloalkyl)alkyl, phenyl, phenylalkyl, substituted 
phenyl, (substituted phenyl)alkyl, heteroaryl. or (heteroaryl)alkyl; 

R' is alkyl, cycloalkyl, (cycloalkyl)alkyl. phenylalkyl, or (substituted 
phenyl)alkyl; 
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is alkyU cycloalkyl, (cycloalkyl)alkyl, phenyl, phenylalkyl, substituted 
phenyl, (substituted phenyl)alkyl, heteroaiyl, or (heteroaryl)allQfl; 

R' is an amino acid side chain chosen from the group consisting of natural 
suid unnatural amino adds; 

B is a hydrogen atom, a deuterium atom, alkyl, cycloalkyl, (cycloallcyl)alkyl. phenyl, 
phenylalkyl, (substituted)phenyl, (substituted)phenylalkyl, heteroaryl, 
(heteroaryl)alkyl, or halomethyl; 

a group of the formula 

-CHPCR^ 

wherein R' is phenyl, phenylalkyl, substituted phenyl, (substituted phenyl)alkyl, 
heteroaryl, or (heteroaryl)alkyl; and X is an oxygen or a sulfur atom; 

a group of the formula: 

-CH2-O-C0-(aryl); 

a group of the formula: 

-CHj-O-CO-Oietcroaryl); 
a group of the formula: 

"CH2-0-P0(R'^R" 
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wherein R'" and R" are independently selected from a group consisting of alkyl, 
cycloalkyi, phenyl, substituted phenyl, phenylalkyl and (substituted phenyl) alkyl; 
and the phannaceutically-acceptable salts thereof 

The compounds of Formula 3 may also exist as solvates and hydrates. Thus, these 
compounds may crystallize with, for example, waters of hydration, or one. a numbed of. or 
any fraction thereof of molecules of the mother liquor solvent The solvates and hydrates of 
such compounds are included within die scope of this invaition. 

The compounds of Fomulas 1 and 3 of this invention may be synthesized using 
conventional techniques. Advantageously, these compounds are conveniently synthesized 
from readily available starting materials. 

Thus, compounds of Formula 3 can be synthesized in general by combining a 
tricyclic nucleus set forth below in Formula 4: 




Nn^(CH2)« 



FORMULA 4 



30 



wo 98/10778 



FCTAJS97/16369 



with the modified aspartic and glutamic acid residues of Formula 5a-d: 



o 

J 



Jl OR^ 



H2U 




H2N 




FORMULA 5a ; 



NH 



FORMULA 5b ; 




OH O 



FORMULA 5c; or FORMULA 5d 
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in the presence of a standard peptide coupling agents such as 

dicyclohexylcarbodiimide(DCC)-l-hydroxybenzotriazole(HOBt), BOP reagent, pyBOP, 
TBTU, EEDQ, l-ethyl(3,3*-dimethyl-r-aminopropyl)cart)odiimide(EDAC)-HOBt, and the 
like, as discussed in J. Jones, "Amino Acid and Peptide Synthesis," Steven G. Davis ed., 
Oxford University Press, Oxford, pp. 25^1 (1992), herein incorporated by reference. In the 
above fonnula, A is an amino protecting group. The amino protecting group is then 
removed and the resulting amine is combined with the substituted acyl group of Formula 6: 

R^-CO-X 

FORMULA 6 

or the sulfonyl group of Formula 7: 

R'SOj-X. 
FORMULA 7 

In the above formulas, is as defined above, and is R^, I^-O ^ R*, or any of 
the side chains containing R* as defined for group A in Formula 3. Of course, such moieties 
would have any hydroxy, carboxy or amino groups in the protected form so as not to 
interfere with the coupling reaction (Formula 5a-d), the acylation reaction (Formula 4) or the 
sulfonation reaction (Fonnula 7). X in the above Fonnulas represents a facile leaving group 
for the acylation or sulfonation reactions. 

In the case where the coupling reaction was carried out with the amino alcohol of 
Formula 5c, the alcohol moiety must be oxidized to the corresponding carbonyl compound 
prior to removal of the protecting groups. Preferred methods for the oxidation reaction 
include Swem oxidation (oxalyl chloride-dimethyl sulfoxide, methylene chloride at -78''C 
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followed by triethylmine; and Dess-Martin oxidation (Dess-Martin periodinane, t-butanol, 
and methylene chloride.) The protecting groups contained in substructures of the Fomula 
5a-d and A are removed by methods well known in the art 

The tricyclic nucleus of Formula 3 is synthesized by methods known in the art. For 
example, see p.S. Karanewsky, U.S. Patent No. 5,504,080 issued April 2, 1996; J. A. Robl et 
al. Tetrahedron Letters, 36:1593-1596 (1995); and S. De Lombaert et aL, Tetrahedron 
Letters, 35:7513-7516 (1994), all of which are incorporated herein by reference. 

The modified aspartic or glutamic acid for Formula 5a-d can be elaborated by 
methods well known in the art See, for example, European Patait Application 519,748; 
PCT Patent Application No. PCT/EP92/02472; PCT Patent Application No. 
PCT/US91/06595; PCT Patent Application No. PCT/US91/02339; European Patent 
Application No. 623,592; World Patent Application No. WO 93/09135; PCT Patent 
Application No. PCT/US94/08868; European Patent Application No. 623,606; European 
Patent Application No. 618,223; European Patent Application No. 533,226; European Patent 
Application No. 528,487; European Patent Application No. 618,233; PCT Patent Application 
No. PCT/EP92/02472; World Patent Application No. WO 93/09135; PCT Patent Application 
No. PCT/US93/03589; and PCT Patent Application No. PCT/US93/00481. all of which are 
herein incorporated by reference. 

The acyl group of Formula 6 and the corresponding R^SOj groups are also 
synthesized by methods well known in the art. See, for example, U.S. Patent No. 5,504,080, 
issued April 2, 1996, herein incorporated by reference. While this group can be elaborated 
once bonded to the tricyclic nucleus, it is preferable that it be intact before being attached to 
the nucleus. 

Once the side chains of Formula 5 and Formula 6 or Formula 7 are bonded to the 
tricyclic nucleus of Formula 3, one skilled in the art would usually remove any amino, 
hydroxy, or carboxy-protecting groups to enhance the activity of the synthesized molecule. 
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METHODS FOR INH1R1TING APOPTOHm 

The present invention provides methods for the inhibition of programmed cell death, 
or apoptosis, by inhibition of members of the ICE/CED-3 family. The invention provides ' 
new uses for not only inhibitors of ICE/CED-3 enzymatic activity, but also any method 
which specifically prevents the expression of ICE/CED-3 family encoding genes. Thus, 
antisense RNA or DNA comprised of nucleotide sequences complementaiy to ICE/CED-3 
family member genes and capable of inhibiting the transcription or translation of the relevant 
proteins, expression of dominant negative fonns of the ICE/CED-3 proteases {e.g. mutants 
engineered to replace the active site cysteine with another amino acid, like serine or alanine), 
or antibodies which bind to ICE/CED-3 family polypeptides, are within the scope of the 
invention, as are small molecule inhibitors, including peptides and especially the compounds 
presented hereia 

In a first aspect, the invention provides a method for expanding hematopoietic and 
blood cell populations or prolonging survival of such populations, including contacting the 
cells with an effective amount of a reagent which suppresses the activity of one or more 
ICE/CED.3 family members, inhibiting the programmed cell death of immature precursors 
and/or mature cells, thereby expanding the cell population and/or enhancing the survival of 
the cell population. The term "expansion" or "expanding" as used herein means increasing 
the number of cells of a pre-existing cell population. The terra "survival" refers to 
maintaining viability of cells, typically ex vivo, however the tenn is meant to include in vivo 
as well. Survival may be from a few hours to several days or longer. 

The method includes contacting the desired cells with an inhibiting effective amount 
ofa reagent which suppresses ICE/CED-3 activity. The terra "contacting" as used herein 
means exposing the cells to tiie ICE/CED-3 family inhibitor(s) such that the inhibitor(s) can 
effectively inhibit ICE/CED-3 activity thereby inhibiting apoptosis in the cells and allowing 
the cells to proliferate and accumulate. The term "inhibiting effective amount" means that 
amount of ICE/CED-3 inhibitor that effectively blocks ICE/CED-3 enzymatic activity in 
intact target cells. It will be apparent that one or more ICE/CED-3 family inhibitors can be 
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used simultaneously in the method of the invention. In a preferred embodiment, contacting 
may be in vivo dosing of ICE/CED-3 inhibitor(s) to a subject in need of expansion of a cell 
population, such as a subject recently having undergone chemotherapy. Examples of such 
reagents are commonly known in the art, including Cbz-ValAlaAsp-CHjF, Cbz-ValAlaAsp- 
CHjOCO (2,6^iCl-CaH4), Cbz- ValAlaAsp-CH f , methyl ester, Ac-AspValAlaAsp-CH f. 
Exemplary compounds include Formula 1 and Formula 3 as described supra. 

Detection of ICE/CED-3 activity is by standard methods, such as an enzymatic assay 
to measure the fluorescence geno-ated by enzymatic cleavage of aminomethylcoumarin 
(AMC) conjugated to a relevant peptide (e.g., Ac-DEVD-amc). Such assays are standard in 
the art (Amstrong et al., J. Biol Chem. 221:16850, 1996); Femandes-Atoemri. et al.. 
Cancer Res., 55:6045, 1 995). In addition, the inhibition of ICE activity can be measured by 
a bioassay for IL-Ip. ICE/CED-3 activity is preferably suppressed by the ICE/CED-3 
family inhibitor(s) by at least about 75%, and preferably by about 90%. 

The "cells" or "cell population" include precursor cells (e.g., pluripotent stem cells) 
and/or differentiated, mature cells. Examples of cells expanded and/or whose survival is 
enhanced by the method of the invention include but are not limited to granulocytes (e.g., 
neutrophils), monocytes, erythrocytes, lymphocytes and platelets. 

Success of hematopoiesis can also be detected by measuring hematocrit, white blood 
cell count, incorporation of tritiated thymidine into bone marrow DNA, spleen weight, 
number of burst-forming units-erythroid or number of colony-forming units (erythroid, 
granulocyte/macrophage and megakaryocyte forming lineages) from q^lecn or bone marrow 
for example. 

Hematopoietic disorders can occur as a result of primary disease or as a consequence 
of therapy for another disease. For example, a serious side effect of radiation or 
chemotherapy is myelosuppression. Pancytopaiia can be observed following bone marrow 
transplantation and profound leukopenia is often observed in AIDS. Patients with chronic 
renal failure undergoing dialysis often have anemia. AIDS patients treated with A2T, 
cancer patients treated with platinum, and anemic patiwits with rheumatoid arthritis often 
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require transfusions because of anemia and leukopenia. Various hematopoietic growth 
factors, such as erythropoietin, granulocyte or granulocyte-macrophage colony stimulating 
factors, or cytokines such as interIeukin-1 are known to stimulate hematopoiesis and have 
been used to treat these conditions. However, treatment times are generally on the order of 
weeks, and especially for the case of neutropenias, patients are at risk for opportum'stic 
infections. These therapies are usually quite expensive, as they are recombinantly produced 
proteins. Thus, it would be advantageous to be able to administer a small molecule, e,g,, 
ICE/CED-3 inhibitor, either alone or in combination with a growth factor to speed 
hematopoietic recovery. Various cytokines including hematopoietic growth factors, are 
known to both increase proliferation and inhibit apoptosis in target cells (Koury and 
Bondurant, Science, 248:378, 1990; Muta and Krantz, / Cell Physiol., 15^:264, 1993). 
However, those agents act upstream of the apoptotic cellular machinery, affecting that 
machinery only indirectly. The present invention provides methods to enhance cell 
expansion by directly inhibiting the apoptotic machinery. The combination therapy 
comprising administering a hematopoietic growth factor together with the methods of the 
present invention is a preferable embodiment. 

The method of the invention is useful for restoring normal hematopoiesis in 
individuals in need of reconstitution of their bone marrow. The pluripotent stem cell has the 
unique capacity for self-renewal and the potential for growth and differentiation along 
granulocytic, monocytic, erythroid, megakaryocytic, and lymphoid lineages. 

As one skilled in the art will also appreciate, stem cells can be directed to 
differentiation as a lymphoid, myeloid, or erythroid-lineage population by incubation with 
the appropriate hematopoietic growth factor or combination of growth factors. Therefore, 
the method of the invention further includes contacting the cells with a suitable 
hematopoietic growth factor, in addition to the ICE/CED-3 inhibitor. As used herein, the 
term "a suitable hematopoietic growth factor" means one or more hematopoietic growth 
factors known in the art to direct a progenitor stem cell to the desired lymphoid, 
granulocytic, monocytic, megakaryocytic, myeloid, or erythroid-lineage cell population. 
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Various growth factors function both by promoting proliferation of cells and by inhibiting 
apoptosis; both of these functions promote the acciunulation of cells. Certain hematopoietic 
growth factors, including G-CSF, GM-CSF, and erythropoietin are examples of such growth 
factors that can inhibit programmed cell death of their respective target cells, as well as 
stimulate proliferation of those cells. These factors have proven clinically useful in 
promoting the repopulation of granulocytes (e.g., neutrophils), monocytes and erythrocytes 
in patients. G-CSF and GM-CSF are often used in patients following chemotherapy or 
radiation, and erythropoietin is commonly used in patients undergoing kidney dialysis. 
Other representative growth factors known in the art that can be used for these purposes are 
IL-1, IL-6, stem cell factor, and IL-3. Other growth factors for stimulating proliferation of 
hematopoietic lineages will be known to those of dull in the art (see, for example, 
Hanison's Principles of Internal Medicine, Isselbacher, et al., eds., pp 1714-1717, McGraw 
Hill, 1994, incorporated herein by reference). 

Apoptosis inhibitors, such as ICE/CED-3 inhibitors, can extend survival of blood cell 
precursors in the bone marrow as well as extend survival of the mature blood cells 
themselves. Regarding extension of survival of mature blood cells, this may be particularly 
valuable for repopulation of granulocytes following chemotherapy and/or radiation (with or 
without bone marrow transplant). Mature granulocytes (specifically neutrophils) last for 
only 24 hours in the bloodstream after which they die by apoptosis. ICE/CED-3 inhibitors 
that block apoptosis and increase neutrophil survival would increase the rate at which a 
patient normalized his white blood cell count. Inhibition of apoptosis in precursor cells 
which ultimately give rise to the mature cell populations would be synergistic with effects 
on mature cells. 

The invention provides methods to presCTve the viability of neutrophils/granulocytes 
ex vivo for subsequent transfusion into recipients in need of additional granulocytes. The 
life-span of granulocytes removed from donors is limited and thus it is difficult to obtain 
supplies of functional granulocytes for transfusion. 
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The reagents of the present invention are "ICE/CED-S inhibitors" in that they inhibit 
the catalytic activity of members of the ICE/CED-3 family in a reversible or an irreversible 
manner. The term "irreversible*' as used herein means the formation of a covalent bond 
between the ICE/CED-3 family member and the inhibitor. It is possible to convert a 
reversible inhibitor to an irreversible inhibitor by incoxporating an irreversible "warhead" 
into what would otherwise be a reversible inhibitor. 

The reversibility of ICE/CED-3 inhibition is generally a function of the 
electronegative group in the molecule. When the electronegative group is a diazoalkyl 
ketone, the mhibition of ICE activity is irreversible and the compound is an irreversible 
inhibitor. When the electronegative group is an aldehyde, the inhibition of ICE is reversible 
and the inhibitor is a reversible inhibitor. 

A compound of the invention preferably has an aldehyde, a diazoalkyl ketone, a 
haloalkyl ketone, or acyloxymethyl ketone. As used herein in reference to an electronegative 
group, "alkyl" refers to linear or branched chain radicals having 1-3 carbon atoms, which 
may be optionally substituted. Representative alkyl groups include methyl, ethyl, propyl and 
the like. Optionally, the electronegative group is an aldehyde, fluoromethyl (CHjF) ketone, 
or acyloxyhnethyl ketone. 

The compounds of the present invention are made by techniques generally 
corresponding to methods known and readily apparent to those of skill in the art. See, e.g., 
Kettner, et al.. Arch, Biochem. Biophys., 1^:56, 1974; U.S. Pat. Nos. 4,582,821; 4,644,055; 
Kettner, et al. Arch, Biochem, Biophys, 1^5:739, 1974; Dakin and West, 7. BioL Chem., 
78:91, 1928; Rasnick, D., Anal. Biochem., 1^:461, 1985; Revesz, L., Tetrahedron Lett., 
35:9693, 1994. Exanplary indolyl dipeptide and tricyclic compounds are provided herein. 

Compounds having a non-fluoro, haloalkyl ketone electronegative leaving group are 
preferably synthesized in accordance with the Kettner procedure. An N-blocked amino acid 
or peptide is reacted with N-methylmorpholine and an alkyl, non-fluoro haloformate to 
generate a peptide-acid anhydride. The anhydride is then reacted with a diazoalkane in an 
inert, aprotonic solvent to form a peptide-diazomethane ketone. The diazomethane ketone is 
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then reacted with an anhydrous solution of HCl, HBr or HI to produce the desired N- 
blocked, C-terminal haloalkyl ketone pq>tide or amino acid. 

Compounds having a fluoromethyl electronegative leaving group are preferably 
synthesized by the Revesz procedure. An N-blocked pq^tide or amino acid is reacted with 
t"butyl (3-amino-4-hydroxy-5-fluoro) pentanoate in the presence of a standard peptide 
coupling agent such as dicyclohexylcarbodiimide-hydroxy-benztriazole. The resulting product 
is oxidized to the corresponding ketone by either Severn or Dess-Martin oxidation. Finally, 
deprotection of the t-butylester with trifluoracetic acid gives the corresponding carboxylic 
acid. 

Compounds having a fluoroalkyl ketone electronegative leaving group can be 
extended in the N-terminus direction by ronoving the N-terminal blocking group and 
coupling the deprotected compound with other protected amino acids. Bodanszky, The 
Praaice of Peptide Synthesis, Springer-Verlag, Berlin, 1984. Alternatively, deprotected 
compounds are acetylated to yield compounds having an N-terminal acetyl protecting group. 
Stewart, et al. Solid Phase Peptide Svnthesis. Pierce Chemical Co., Rocltford. Ill, 1984. 

In another embodiment, the invention provides a method for prolonging organ 
viability comprising contacting the cells of an organ for transplantation with an inhibiting 
effective amount of a reagent which suppresses interleukin-ip-converting enzyme 
(ICE)/CED-3 activity, thereby prolonging the viability of the organ as compared to an 
untreated organ. The term "organ'* is meant to include intact multi-cellular organs such as 
kidney, liver, or heart; cell suspensions derived from multi-cellular organs {e.g., pancreatic 
islet cells in dopaminergic neurons); as well as suspensions of blood cells or hematopoietic 
precursor cells. Preferably, an organ is treated ex vivo in order to preserve the organ for 
transplantation. The term **prolonging" means that an organ for transplantation is preserved 
by treatment using the method of the invaition as compared to a similar organ that has not 
been treated with an ICE/CED-3 inhibitor. While not wanting to be bound by a particular 
theory, it is believed that contacting the cells of an organ for transplantation with an 
ICE/CED-3 inhibitor, inhibits programmed cell death, thereby preserving the organ and 
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prolonging viability. 

The method of the invention includes treatment of the recipi«it prior and subsequent 
to transplantation with genetically altered or ICE/CED-3 inhibitor-bathed donor organs to 
inhibit apoptosis of donor organ cells, and optionally, an immunosuppressive agent. 

The present invention includes the ex vivo expansion or survival of hematopoietic 
cells which is useful for a variety of clinical uses including gene therapy, augmentation of 
bone marrow transplantation, and the replacement of bone marrow transplantation. 
Therefore, the use of an inhibitor of the ^ptosis machinay, such as an ICE/CED-3 family 
inhibitor, to promote the ex vivo expansion and/or survival of populations of granulocytes, 
erythrocytes, lymphocytes and or platelet constitutes a useful method. For example, one can 
add the ICE/CED-3 inhibitor(s) to a tissue culture of cells isolated from a subject, or by 
transfecting the cells with an expression vector containing an operable ICE/CED-3 inhibitor- 
encoding polynucleotide, e.g., antisense, to such cells. 

The method of the invention has therapeutic utility. For instance, a suspension of 
pluripotent hematopoietic stem cells (HSQ obtained by standard methods in the art, can be 
treated by the method of the invention and can be used for performing hematopoietic 
reconstitution of a recipient. As an er vivo treatment for example, enriched pluripotent 
stem cells derived from the recipient (autologous reconstitution) or derived from an 
individual other than the recipient (non-autologous reconstitution) can be expanded and used 
in the treatment or prevention of various diseases or disorders such as anemias, 
malignancies, autoimmune disorders, and various immune dysfunctions and deficiencies, as 
well as recipients whose hematopoietic cellular repertoire has been depleted, such as 
recipients treated with various chemotherapeutic or radiologic agents, or recipients with 
AIDS. Other therapeutic uses of the compositions of the invention are well known to those 
of skill in the art Treatment of the transplanted cells can be both ex vivo, and following 
transplantation, in vivo. 

An example of the way in which the invention may be applied to non-autologous 
donor organs for human recipients is as follows: beginning one week prior to the 
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transplantation, the recipient may be dosed with cyclopho^hamide to reduce the potential 
for evoked immunological responses. An immunosuppressive dose of cyclosporine or FK506 
may be started shortly (1-3 days) before transplantation to enhance graft accq)tance. 
Immediately prior to transplantation, the donor may be dosed with an ICE/CED-3 inhibitor, 
prior to organ removal. Upon removal prior to transplantation, the donor organ is flushed 
with a solution containing at least one ICE/CED-3 inhibitor, e.g., a peptide fluoroalkyl 
ketone. Following transplantation by standard surgical techniques, the patient is typically 
maintained on routine immunosuppression using cyclosporine or FK506, cyclophosphamide, 
and steroids and optionally, the ICE/CED-3 inhibitor(s). Based on clinical signs and 
symptoms related to immune responsiveness, various of the immunosuppressants are reduced 
in dosage. 

An immunosn)pressive agent used during transplantation is an agrat such as 
Cyclosporine A (CsA), however other agents which cause immune suppression, such as 
rapamycin, desoxyspergualine, and FK506 or functional equivalents of these compounds, 
may also be utilized. CsA is preferably administered by injecUon at an immunosuppressive 
dose. The duration of CsA treatment may range from about 2 to about 20 days. 

For enhancing organ survival prior to transplantation, the ICE/CED-3 family inhibitor 
may be administered by addition to the fluid used to perfuse the excised organ. If the 
ICE/CED-3 inhibitor is also to be administered to the donor prior to excision of the organ, 
the ICE/CED-3 inhibitor(s) are administered by any suitable means, including parenteral, 
subcutaneous, intrapulmonaiy, and intranasal administration. Parenteral infusions include 
intramuscular, intravenous, intraarterial, or intraperitoneal administration. 

It is understood that any organ from any species can be transplanted. The method of 
the invention is useful for preserving organs to be used for same species transplants such as 
human recipients and other human donors (allografts and autologous grafts) or to human 
recipients from other species such as sheep, pigs, or non-human primates (xenografts), for 
example. Such tissues for transplant include, but are not limited to. heart, liver, kidney, 
lung, pancreas, pancreatic islets, brain tissue, cornea, bone, intestine, skin, and hematopoietic 
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cells. The human is the preferred recipient. 

In order to determine the amount of ICE/CED-3 inhibitor to administer to the donor, 
pig. and the amount of ICE/CED-3 inhibitor with which to treat the organ to be 
transplanted, a compound is administered so that its concentration in the vasculature is at 
least as high as that necessary for inhibition of apoptosis in a cell culture model. A variety 
of cell culture models are known in the art (e.g., Armstrong et ol.. supra; Schlegel, et aL, 
supra; Boudreau, et al, supra). The donor organ, and optionally the donor, is then dosed 
with an ICE inhibitor in order to reduce apoptosis to as much as less than about 10% of the 
normal apoptosis observed in the organ from the donor. Therefore, as used herein, the term 
"apoptosis-inhibiting" amount refers to that amount of ICE inhibitor that inhibits ICE 
activity and/or apoptosis by about 75%, and preferably by about 90%. 

METHOD FOR ENHANCING BIOPRODUCTION 

In yet another embodiment, the invention provides a method for increasing survival 
of cells cultured in vitro for utilities other than transplantation. For example, inhibition of 
programmed cell death is of use in enhancing bioproduction processes. For example, in 
production of recombinant proteins, yields may be limited by apoptotic cell death of cultured 
host cells. Therefore, treatment of host cells with ICE/CED-3 inhibitors, or using host cells 
which express antisense RNA or DNA sequences complementary to ICE/CED-3 and capable 
of inhibiting the transcription or translation of ICE/CED-3 family members or that express 
genes encoding ICE/CED-3 family inhibitors, would enhance bioproduction by allowing 
cells to survive longer and produce and/or secrete a desired product longer, thus resulting in 
a greater yield of product. The ability to prevent programmed cell death may allow cells to 
live independent of normally required growth factors, reducing the cost of media 
supplements. 

In order to demonstrate utility in bioproduction, a cell line that naturally produces a 
useful product {e.g., a cytokine) or a cell line genetically engineered to express a useful 
product {e.g., COS or CHO cells stably expressing recombinant human erythropoieten. 
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growth hormone or G-CSF) is contacted with the ICE/CED-3 inhibitor during fermentation. 
Effectiveness of the ICE/CED-3 inhibitor on bioproduction can be measured in several ways: 
1) determining the percentage of apoptotic cells in the culture at different time points; 2) 
determining the useful lifespan of the culture with regard to production of the desired 
product; 3) measuring the yield of product per gram of cells or per volume of culture; 4) 
measuring final purity of the product 

Methods for increasing the efficiency or overall productivity of bioproduction are 
useful because they reduce costs of producing a natural or recombinant product. Mammalian 
cell fermentation is limited by decreasing cell viability with time. Cell death during 
fermentation has been shown to be apoptotic, thus inhibitors of ^optosis will increase cell 
viability during bioproduction. Growth media used for bioproduction are often serum-free 
supplemoited with growth factors to enhance cell viability. Supplementation with 
ICE/CED-3 ihhibitors of the present invention is designed to replace or agument such 
additives. 

PHARMACEUTICAL COMPOSITIONS 

Pharmaceutical compositions of this invention comprise any of the compoxmds of the 
present invention, and pharmaceutically acceptable salts thereof, with any pharmaceutically 
acceptable carrier, adjuvant or vehicle (hereinafter collectively referred to as 
"pharmaceutically-acceptable carriers"). Pharmaceutically acceptable carriers, adjuvants and 
vehicles that may be used in the pharmaceutical compositions of this invention include, but 
are not limited to, alumina, aluminum stearate, lecithin, serum proteins, such as human 
serum albumin; buffer substances such as the various phosphates, glycine, sorbic acid, 
potassium sorbate, partial glyceride mixtures of saturated vegetable fatty acids; water, salts 
or electrolytes, such as protamine sulfate, disodium hydrogen phosphate, potassium hydrogen 
phosphate, sodium chloride, and zinc salts; colloidal silica, magnesium trisilicate, polyvinyl 
pyrrolidone, cellulose-based substances, polyethylene glycol, sodium caiboxymethylcellulose, 
polyaiylates, waxes, polyethylene-polyoxypropylene-block polymers, polyethylene glycol and 
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wool fat, and the like. 

The phaniiaceutical compositions of this invention may be administered orally, 
parenterally, by inhalation spray, topically, rectally, nasally, buccally, vaginally or by an 
implanted reservoir. Oral and parenteral administration are preferred. The term '^parenteral** 
as used ho'ein .includes subcutaneous, intracutaneous, intravenous, intramuscular, intra- 
articular, intrasynovial, intrastemal, intrathecal, intralesional and intracranial injection or 
infusion techniques. 

The pharmaceutical compositions may be in the form of a sterile injectable 
preparation, for example, as a sterile injectable aqueous or oleaginous suspension. This 
suspension may be formulated according to techniques known in the art using suitable 
dispersing or wetting agents (such as, for example, Tween 80) and suspending agents. The 
sterile injectable preparation may also be a sterile injectable solution or suspension in a 
non-toxic parenterally-acceptable diluent or solvent, for example, as a solution in 
1,3'butanediol. Among the acceptable vehicles and solvents that may be employed are 
mannitol, water. Ringer's solution and isotonic sodium chloride solution. In addition, sterile, 
fixed oils are conventionally employed as a solvent or suspending medium. For this 
purpose, any bland fixed oil may be employed including synthetic mono- or diglycerides. 
Fatty acids, such as oleic acid and its glyceride derivatives are usefiil in the preparation of 
injectables, as are natural pharmaceutically-acceptable oils, such as olive oil or castor oil, 
especially in their polyoxyethylated versions. These oil solutions or suspensions may also 
contain a long*chain alcohol diluent or dispersant. 

The pharmaceutical compositions of this invention may be orally administered in any 
orally acceptable dosage form including, but not limited to, capsules, tablets, and aqueous 
suspmsions and solutions. In the case of tablets for oral use, carrier which are conmionly 
used include lactose and com starch. Lubricating agents, such as magnesium stearate, are 
also typically added. For oral administration in capsule form useful diluents include lactose 
and dried com starch. When aqueous suspensions are administered orally, the active 
ingredient is combined with emulsifying and suspending agents. If desired, certain 
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sweetening and/or flavoring and/or coloring agents may be added. 

The phannaceutical compositions of this invention may also be administered in the 
form of suppositories for rectal administration. These compositions can be prepared by 
mixing a compound of this invention with a suitable non-irritating excipient which is solid at 
room temperature but liquid at the rectal temperature. Such materials include, but are not 
limited to, cocoa butter, beeswax and polyethylene glycols. 

Topical administration of the phannaceutical compositions of this invention is 
especially useful when the desired treatment involves areas or organs readily accessible to 
topical application. For {^plication topically to the skin, the pharmaceutical composition 
should be fonnulated with a suitable ointment containing the active components suspended 
or dissolved in a carrier. Carriers for topical administration of the compounds of this 
invention include, but are not limited to, mineral oil, liquid petroleum, white petroleum, 
propylene glycol, polyoxyethylene, polyoxypropylene compound, emulsifying wax and 
water. Alternatively, the pharmaceutical composition can be formulated with a suitable 
lotion or cream containing the active compound suspended or dissolved in a carrier. 
Suitable carriers include, but are not limited to, mineral oil, sorbitan monostearate, 
polysorbate 60, cetyl esters wax, cetearyl alcohol, 2-octyldodecanol, benzyl alcohol and 
water. The pharmaceutical compositions of this invention may also be topically applied to 
the lower intestinal tract by rectal suppository formulation or in a suitable enema 
formulation. Topically-applied transdermal patches are also included in this invention. 

The pharmaceutical compositions of this invention may be administered by nasal 
aerosol or inhalation. Such compositions are prepared according to techniques well-known 
in the art of pharmaceutical formulation and may be prepared as solutions in saline, 
employing benzyl alcohol or other suitable preservatives, absorption promoters to enhance 
bioavailability, fluorocarbons, and/or other solubilizing or dispersing agents known in the 
art. 
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The compounds of this invention may be used in combination with either 
conventional anti-inflammatory agents or with matrix metalloprotease inhibitors 
hpoxygenase inhibitors and antagonists of cytokines other than IL-ip. 

When the compounds of this invention are administered in combination therapies 
w.th other agents, they may be administered sequentially or concurrentiy to the patient 
Altemauvely. phannaceutical compositions according to this invention may be comprised of 
a a,mbination of a compound of Formula 1 or 3 or other ICE inhibitors as described herein 
and another therapeutic or prophylactic agent mentioned above. 

me disease states which may be treated or prevented by the instant phamtaceutical 
compositions include, but are not limited to, inflammatoty diseases, autoimmune diseases 
and neurodegenerative diseases, and for inhibiting unwanted apoptosis involved in ischemic 
injury, such as ischemic injury to the heart (e.g., myocardial infarction), brain (e g stK,ke) 
and kidney (e.g., ischemic kidney disease). As a consequence of their ability to inhibit 
apoptosis. the present pharmaceutical compositions are also useful for the repopulation of 
hematopoietic cells of a patient following chemotherapy. Methods of administering an 
effective amount of the above-described pharmaceutical compositions to mammals also 
referred to herein as patients, in need of such treatinent (that is. those suffering from 
inflammatory diseases, autoimmune diseases, neurodegenerative diseases and for the 
repopulation of hematopoietic cells in cancer patients who have undergone chemotherapy) 
are another aspect of the instant invention. Finally, as a further consequence of tiieir ability 
to inhibit apoptosis, the instant pharmaceutical compositions may be used in a method to 
prolong the viability of organs to be used in transplantations. 

Inflammatory disease which may be treated or prevented include, for example, septic 
shock, septicemia, and adult respiratory distress syndrome. Target autoimmune diseases 
include, for example, rheumatoid, arthritis, systemic lupus erythematosus, scleroderma 
chronic tiiyroiditis. Graves' disease, autoimmune gastritis, insulin-dependent diabetes ' 
melhtus, autoimmune hemolytic anemia, autoimmune neutropenia, thrombocytopenia 
chronic active hepatitis, myasthenia gravis and multiple sclerosis. Target neurodegenerative 
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described in this invention may also be used to promote wound healing. Target diseases 
associated with hannfiil, apoptosis, in other words, those associated with ischemic injury, 
includes myocardial infarction, stroke, and ischemic kidney disease. 

The term "effective amount" refers to dosage levels of the order of from about 0.05 
milligrams to about 140 milligrams per kilogram of body weight pet day for use in the 
treatment of the above-indicated conditions (typically about 2.5 milligrams to about 7 grams 
per patient per day). For example, inflanmiation may be effectively treated by the 
administration of from about 0.01 to 50 milligrams of the compound per kilogram of body 
weight per day (about 0.5 milligrams to about 3.5 grams per patient per day). 

The amount of the compounds of Formula 1, 3, or other ICE/ced-3 inhibitors that 
may be combined with the carrier materials to produce a single dosage form will vary 
depending upon the host treated and the particular mode of administration. For example, a 
formulation intended for the oral administration of humans may contain from 0.5 milligrams 
to 5 grams of a compound of Foimula 1 combined with an appropriate and convenient 
amount of a pharmaceutically-acccptable carrier which may vary fit)m about 5 to about 95 
percent of the total composition. Dosage unit forms will generally contain between from 
about 1 miUigram to about 500 milligrams of an active compound of Formula 1, 3, or other 
ICE/ced-3 inhibitors. 

It will be understood, however, that the specific "effective amount" for any particular 
patient will depend upon a variety of factors including the activity of the specific compound 
employed, the age, body weight, general health, sex, diet, time of administration, route of 
administration, rate of excretion, drug combination and the severity of the particular disease 
undergoing prevention or therapy. 
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Although this invention focuses on the use of the compounds disclosed herein for 
inhibiting ICE/CED-3 proteases and for preventing apoptosis, the compounds of this 
invention can also be used as inhibitoiy agents for other cysteine proteases. 

The compounds of this invention are also useful as commercial reagents which 
5 effectively bind, to the ICE/ced-3 family of cysteine protease or other cysteine proteases. As 

commercial reagents, the compounds of this invention, and their derivatives, may be used to 
block proteolysis of a target peptide or may be derivatized to bind to a stable resin as a 
tethered substrate for affinity chromatography applications. These and other uses which 
characterize commercial cystine protease inhibitors wiU be evident to those of ordinaiy skill 
10 in the art 

The following examples are intended to illustrate, but not limit the invention. While 
they are typical of those that might be used, other procedures known to those skilled in the 
art may alternatively be used. 

In the following Examples, proton NMR ^ectra were obtained at 300 MHZ; 
15 chemical shifts are quoted downfield from internal tetiamethylsilane. 
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EXAMPLE 1 

Assays for Inhibition of ICE/ced-3 Protease Family Activity 
A> Determination of IC^^ values 

Fluorescence enzyme assays detecting the activity of the compounds of Formula 1 
utilizing the recombinant ICE and q:>p32 enzymes were performed essentially according to 
Thombeny et al, (Nature , 356:768:774 (1992)) and Nicholson et al. (Nature. 376:37-43 
(1995)) respectively, (herein incorporated by reference) in 96 well microtiter plates. The 
substrate for these assays was Acetyl-Tyr-Val-Ala-Asp-amino-4- 
methylcoumarin (AMC) for the ICE assay and 

Acetyl-Asp-Glu-Val-Asp-amino-4-methylcoumarin for the cpp32 and M ch5 assay. Enzyme 
reactions were run in ICE buffer (25 mM HEPES, 1 mM EDTA, 0.1% CHAPS, 10% 
sucrose, pH 7.5) containing 2 mM DTT at room temperature in dupUcate. The assays were 
performed by mixing the following components: 

50 jil of either ICE, Mch2, Mch5 or cpp32 (18.8, 38, 

8.1 and 0.153 nM concentrations, respectively) or Mch3 (1 unit) enzyme in 
ICE buffer containing either 8.0 GCE, Mch2, Mch3, cpp32) or 20 (Mch5) 
mM DTT; 

50 fil of either the compound of Formula 1 or 

ICE buffer (control); and 
100 |il of 20fiM substrate. 

The enzyme and the compound of Formula 1 to be assayed were preincubated in the 
microtitre plate wells for 30 minutes at room temperature prior to the addition of substrate to 
initiate the reaction. Fluorescent AMC product formation was monitored for one hour at 
room temperature by measuring the fluoresc^ce emission at 460 nm using an excitation 
wavelength of 360 nm. The fluorescence change in duplicate (control) wells were averaged 
and the mean values were plotted as a function of inhibitor concentration to determine the 
inhibitor concaitration producing 50% inhibition (IC^o). The results are set forth in Tables 1 
and 4 (Figures 1 and 4). 
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The referaice compound for this assay was Cbz-ValAlaAsp-H and the values are 
denoted in Tables 1 and 4 as "Reference". 

B^_D6tgmination of the dissociation constant K. a nd irreversihle rate constant ij fr>r 
irreversible inhibitors 

5 For tiie irreversible inhibition of a ICE/ced-3 Family Protease enzyme viath a 

competitive irreversible inhibitor, using the model represented by the following formulas: 

E + I H ..h..^ E-I 

E + S - ES E+P. 

The product formation at time t may be expressed as: 



Equation 1 

1 0 where E, I, EI, and E-I denote the active en^e, inhibitor, non-covalent enzyme-inhibitor 

complex and covalent enzyme-inhibitor adduct, respectively. The Kj value is the overall 
dissociation constant of reversible binding steps, and ky is the irreversible rate constant. The 
[SJ and K, values are the substrate concentration and the dissociation constant of the substrate 
bound to the enqone, respectively. 

^5 The above equations were used to determine the and kj values of a given inhibitor 

bound to a ICE/ced-3 family protease. Thus, a continuous assay was run for sixty minutes at 
various concentrations of the inhibitor and the substrate. The assay was formulated essentially 
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the same as described above for generating the data in Table 1, except that the reaction was 
initiated by adding the enzyme to the substrate-inhibitor mixture. The Ki and values were 
obtained by simulating the product AMC fomiation as a function of time according to Equation 
I. The results of this second assay are set forth below in Tables 2, 3 and 5 (Figures 2, 3 and 5). 

The reference compound for this assay was Cbz-ValAlaAsp-CHjF and the values are 
denoted in Tables 2, 3 and 5 as "Reference". 
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15 



)BXAMP]L)E2 

f3S)-3.rfl-Methvlindo1e-2-CaThnnvl) AlaninvnAnT Bp»^- 
Q?tQbt>tanoic Acid. t-Butvl R«t^ Semicarhay ^n.^ 
l-MethylindoIe.2-caiboxylic acid (107 mg, 0.6 mmol) and 
(3S)-3^alaninxI>araino^xobutanoic acid, t-butyl ester semicarbazone (188 mg. 96% 0 6 
nunol) were dissolved in DMF (2 mL) then both l-hydroxybenzotriazole-hydrate' (96 mg, 
0.63 mmol) and l-(3-dimethyIaminopropyl). 

3-ethyl carbodiimide hydrochloride (EDAC) (161 mg. 0.84 mmol) was added to the resultant 
mixture under a nitrogen atmosphere at 0»C. Stirring was continued for 1 hour at 0«>C and ' 
an additional 20 hours at room temperature. The reaction mixture was diluted with ethyl 
acetate, washed successively with saturated aqueous sodium bicarbonate solution and brine 
dried over sodium sulfate and concentrated to give a yellow solid. Trituration of the solid ' 
with ether afforded the title product as a slightly yellow powder (213 mg. 77%). TLC: 
(methanol/methylene chloride: 1/9, silica gel): R,=0.47; 'H NMR (CDCl, + CE^OD): 6 796 
(d, J=8.0. IH), 7.57-7.67 (m. 2H). 7.31-7.42 (m, 2H). 7.13-7.19 (m. 2H). 7.06 (s. IH), 4 91 
(m. IH), 4.65 (q. J=7.1. IH). 4.01 (s, 3H). 2.59-2.78 (m. J=5.6. 15.7. 2H). 1.49 (d J=7 1 
3H). 1.39 (s, 9H). 
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EXAMPLES 

f3SV3-fn-Methvlindole-2>CarbonvlUlaninvnAminQ^. 
Oxobutanoic Acid. Semicarhazone 
(3S>3-[(l-Methylindole-2-cart)onyI)aIaninyl] 
amino-4-oxobujtanoic acid, t-butyl ester semicaibazone (127 m& 0.28 mmol) was suspended in 
anisole (0.2 mL) and methylene chloride (2 mL) and the suspension was treated with 
trifluroacetic acid (TFA) (1 mL). The resulting solution was stirred for 2 hours under a 
nitrogen atmosphere at room temperature. The reaction mixture was then concentrated and 
chased with methylene chloride to give a purple foam. Trituration of the foam with ether gave 
the title product as a purple powder (108 mg, 97%). TLC: (methylene 
chIoride:methanol:acetic acid, 20: 1:1, silica gel): R,=027; NMR (CD3OD): 6 7.62 (d, J=8.0. 
IH), 7.44 (d, J=8.2, IH), 724-7.32 (m, 2H), 7.07-7.13 (m, 2H), 4.91 (m, IH), 4.56 (q, J=7.1, 
IH), 3.98 (s, 3H), 2.78 (d, J=6.5, 2H), 1.49 (d, J=7.3, 3H). 

EXAMPLE 4 

GSV3-rn-Methvlindole-2-CarbonvnAlaninvl1Amino-4- 
Oxobutanoic Acid 
(3S)-3-[(l-Methylindole-2K:arbonyl)aIaninyl] 
amino-4-oxobutanoic acid, semicarhazone (87 mg, 0.22 mmol) was dissolved.in methanol (3 
mL), formaldehyde (1 mL, 37% wt. aq) and acetic acid (1 mL) and the resultant mixture was 
stirred for 4 hours under a nitrogen atmosphere at room temperature. The reaction mixture was 
diluted with water and extracted twice with ethyl acetate. The ethyl acetate solution was 
washed with brine, dried over sodium sulfate and concentrated to give a glassy material which 
was triturated with ether to afford the title product as a gray powder (24 mg, 32%). TLC: 
(methylene chloride:methanol:acetic acid, 20:1:1, silica gel): R,«0.44; *H NMR (CD3OD): 6 
7.62 (d, J=8,0, IH), 7.44 (dd, J=0.8, 8.4, IH), 7.26-7.32 (m, IH), 7.08-7.13 (m, 2H). 4.63-4.53 
(m, 2H), 4.31 (m, IH), 3.99 (s, 3H), 2.48-2.73 (m, 2H), 1.46 (7.1, 3H). 
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EXAMPLES 

f3S)-3-rri-Methvlindol e-2-C:arf>onvnT>rolinvnAininn^ 
Oxobutanoic Acid. t-Butvl Ester Semicarhaynni^ 
l-Methylindole-2-cart)oxylic acid (102 mg, 0.58 nunol) and 
5 (3S)-3-(prolinjr|)amino-4-oxobutanoic acid, t-butyl ester semicarbazone (189 mg, 0.58 mmol) 

were dissolved in methylene chloride (2 mL) and DMF (1 mL) and then both 
4-dimethylamino pyridine (DMAP) (71 mg, 0.58 nunol) and EDAC (155 mg. 0.81 mmol) 
were added to the mixture under a nitrogen atmoqjhere at 0"»C. Stirring was continued for 1 
hour at 0»C and an additional 2 hours at room temperature. The reaction mixture was 
10 partitioned between ethyl acetate and 5% KHSO^ solution. The ethyl acetate solution was 

wadied witii saturated sodium bicarbonate solution and brine, dried over sodium sulfate and 
concttitiated to give 153 rag of brown foam. The foam was purified by flash 
chromatograph on silica gel using 2% methanol-methylene chloride as the eluant to give the 
title product as a light brown foam (50 mg). TLC: (methanol/methylene chloride: 5/95, 
silica gel): R,=0.27; 'H NMR (CDCl, + CD,OD): 6 8.87 (bs, IH), 7.63 (d, J=7.7, IH), 
7.38-7.50 (m, 2H). 7.17-7.13 (m, IH), 6.85 (bs, IH), 4.90-4.81 (m. 2H), 3.92-3.74 (m, 5H), 
2.78-1.93 (m, 6H), 1.37 (s, 9H). 
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EXAMPLE 6 

GSV3-f(l>Methvlindole-2-CaAonvnProlinvnAmino-4- 
Oxobutanoic Acid Semicarfaazone 
(3S)-3-[(l -Methylmdole-2-carbonyl)prolinyl] 
amino-4-oxobu:tanoic acid» t-butyl ester semicarbazone (SO mg, 0.1 mmol) was dissolved in 
anisole (0.2 mL) and methylene chloride (2 mL) and the resultant solution was treated with 
TFA (1 mL). This reaction mixture was then stirred for 1 hour under a nitrogen atmosphere at 
room temperature. The reaction mixture was concentrated in vacuo and chased with methylene 
chloride to give a purple film. The film was triturated with ether to aiford the title product as a 
purple powder (47 mg). TLC: (methylene chloride:methanol:acetic acid, 20: 1 : 1 , silica gel): 
R,=0.18; NMR (CD3OD): 6 7.63-6.93 (m, 6H), 6.67 (bs, IH), 4.89-4.50 (m, 2H), 3.86-3,74 
(m, 5H), 2.82-2.74 (m, 2H). 2.40-2.30 (m, IH), 2.15-1.90 (m, 3H). 

EXAMPLE 7 

f3SV3-rfl-Methvlindole-2-CarbonvnProlinvl1Amino-4- 
Oxobutanoic Acid 
(3S)-3-[( 1 -Methylindole-2-carbonyl)prolinyl] 
amino-4-oxobutanoic acid, semicarbazone (87 mg, 0.22) mmol) was dissolved in methanol (3 
mL), formaldehyde (1 mL, 37% wt. aq) and acetic acid (1 mL) and the resulting mixture was 
stirred for 4 hours under a nitrogen atmosphere at room temperature. The reaction mixture was 
concentrated invacuo, diluted with water, and extracted twice with ethyl acetate. The ethyl 
acetate solution was washed with brine, dried over sodium sulfate and concentrated to give 
brown oil (22 mg) ^ch was triturated with ether to afiford the title product as a light brown 
powder (8 mg). TLC: (methylene chloride:methanoI:acetic acid, 20: 1 : 1 , silica gel): R^=0.28; 
MS (ED for C,9H2,N305+H*=372; C,9H2,N3O5-H*=370). 
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EXAMPLE 8 

f3SV3-rn.Methv^m dole.2.CarhonYlWalinvl] Aitiinn-A. 
Oxobutanoic a dd. t-Butvl Fster SemicaAaynu P 
l-Methylindole-2-carboxylic acid (88 mg, 0.5 mmol) and 
(3S)-3-(Valinyl)ainino-4-oxobutanoic acid, t-butyl ester semicarbazone (163 mg, 0.5 nunol) 
were dissolved in DMF (1 mL) and methylene chloride (2 mL) then both DMAP (61 mg, 
0.50 mmol) and EDAC (134 mg, 0.7 mmol) were added to the solution under a nitrogen 
atmosphere at CC. Stirring was continued for 1 hour at 0*C and an additional 4 hours at 
room temperature. The reaction mixture was partitioned between ethyl acetate and 5% 
KHSO4 solution. The ethyl acetate solution was washed successively with 5% KHSQ 
solution, saturated sodium bicarbonate solution and brine solutions, dried over sodium 
sulfate, and concentrated to give a yellow foam. Trituration of the foam with ether afforded 
the title product as a slightly yellow powder (203 mg, 86%). TLC: (methanol/methylene 
chloride:5/95, silica gel): R,=0.17. 



EXAMPLE 9 

f 3SV3-r r 1 -Methvlin dole-2-CarhonvnValinvnAininn^. 
Oxobutanoic Acid Semicarhaznne 
(3S)-3-[(l-Methylindole-2-carbonyl)vaHny]] 
amino-4-oxobutanoic acid, t-butyl ester semicarbazone (170 mg, 0.36 mmol) was dissolved 
in anisole (0.2 mL) and methylene chloride (2 mL) and the resulting solution was treated 
with TFA (1 mL). The resulting solution was stirred for 3.5 hours under a nitrogen 
atmosphere at room temperature. The reaction mixture was concentrated in vacuo and 
chased with methylene chloride to give a purple foam. Trituration of the foam with ether 
afforded the title product as a solid purple powder (133 mg, 89%). 



56 



wo 98/10778 



PCTAJS97/Ki369 



EXAMPLE 10 
f3SV3-ri-Methvlindole-2-CarbQnvlWalinvnAmino-4- 
OxobutanpicAyid 
(3S)-3-[(l .Methylindole-2-carbonyl)vaIinyl] 
amino-4-oxobutanoic acid, semicarbazone (136 mg, 0.33 mmol) was dissolved in methanol (3 
mL), formaldehyde (1 mL, 37% wt aq) and acetic acid (1 mL) and the resulting mixture was 
stirred for 5 hours under a nitrogen atmosphere at room temperature. The reaction mixture was 
concentrated in vacuo, diluted with water, and extracted twice with ethyl acetate. The 
combined ethyl acetate solutions were washed with brine, dried over sodium sulfate and 
concentrated in vacuo to give a purple foam which was triturated with ether to afford the title 
product as a purple powder (40 mg, 33%). TLC: (methylene chloride:methanol:acetic acid, 
20:1:1, silica gel): R,=0.36; MS (EI) for C,^23N305+H"=374; C,^23N305-H"=372). 
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EXAMPLgll 
(3SV3>rfl-Mcthvlindole-2-CarbonvnLeucinvnAmm 
Oxobutanoic Acid. t>Butvl Ester Semicarbazon^ 
l-Methylindole-2-caTboxylic acid (70 mg, 0.4 ininol) and 
3(S)-(Leucinyl)amino-4-oxobutanoic acid, t-butyl ester semicarbazone (131 mg, 0.4 mmol) 
were dissolved in methylene chloride (2 mL) and both DMAP (49 mg, 0.40 mmol) and EDAC 
(1 07 mg, 0.56 mmol) were added to the solution under a nitrogen atmosphere at 0°C. Stirring 
was continued for 1 hour at 0*C and an additional 3 hours at room temperature. The reaction 
mixture was partitioned between ethyl acetate and 5% KHSO4 solution. The ethyl acetate 
solution was washed successively with 5% KHSO4 solution, saturated with sodium bicarbonate 
solution (2x) and brine, dried over sodium sulfate, and concentrated in vacuo to give a crude 
solid. Trituration of the solid with ether afforded the title product as a white powder (156 mg, 
80%). TLC: (methanol/methylene chloride: 5/95, silica gel): R^=0.42; NMR (CDCI3 + 
CD3OD): 6 8.18 (s, IH), 7.66-7.1 1 (m, 6H), 6.97 (s, IH), 6.32 (d, J=7.7, 1 H), 4.95-4.88 (m, 
IH), 4.70-4.62 (m, IH), 4.03 (s, 3H), 2.82-2.56 (m, 2H), 1.87-1.58 (m, 3H), 1.38 (9H), 1.00 (t, 
J-6.3, 6H). 
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EXAMPLE 12 
nSV3»rn-Methvlindole-2-CarbonvnLeucinvnAininQ>4- 
Oxobutanoic AcicL Semicarbazone 
(3S)-3-[(l-MethyIindole.2-carbonyl)!eucinyl] 
amino-4-oxobutanoic acid, t-butyl ester semicarbazone (132 mg, 0.27 mmol) was dissolved 
in anisole (0.2 mL) and methylene chloride (2 mL) and the resulting solution was treated 
with TFA (1 mL), The resulting solution was stirred for 3 hours under a nitrogen 
atmosphere at room temperature. The reaction mixture was concentrated in vacuo and 
chased with methylene chloride to give a pink foam. Trituration of the foam with ether 
afforded the title product as a pink powder (108 mg, 92%). TLC: (methylene 
chloride:methano!:acetic acid, 20:1:1, silica gel): R^=0.22; *H NMR (CD5OD): 6 7.62 (dt, 
J=8.0, 1.1, IH), 7.45 (dd, J=8.5, 0.8, IH), 7.32-7.23 (m, 2H), 7.13-7.08 (m, 2H), 4.94-4.89 
(m, IH), 4.64-4.59 (m, IH), 3.98 (s, 3H), 2.78 (d, J=6.2, 2H), 1.82-1.70 (m, 3H), 1.02 (d, 
J=6.0, 3H), 0.99 (d, J=6.3, 3H). 

EXAMPLE 13 
GS)0>r ( 1 «MethvHndole-2-CarbonvnLeucinvll AminQ-4- 
Oxobutanoic Acid 
(3S)-3-[( 1 -Methylindole-2-carbonyl)leucinyl] 
amino-4-oxobutanoic acid, semicarbazone (90 mg, 0.21 mmol) was dissolved in methanol (3 
mL), formaldehyde (1 mL, 37% wt, aq) and acetic acid (1 mL) and the resulting solution 
was stined for 7 hours under a nitrogen atmosphere at room temperature. The reaction 
mixture was concentrated in vacuo, diluted with water, and extracted twice with ethyl 
acetate. The ethyl acetate solution was washed with brine, dried over sodium sulfate, and 
concentrated in vacuo to give a puiple foam which was triturated with ether to afford the 
tide product as a puiple powder (35 mg, 43%). TLC: (methylene chloride:melhanol:acetic 
acid, 20:1:1, silica gel): R/=0.45; MS(EI) for QqH^jHQ; M+H*«388; M.H*=386. 
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EXAMPLE 14 

f 3S1.3.r ( 1 -Mc^hYlinrtftle.2.Carhonvl )Phenvlalflnii^Y 'l l^*"'"" 
-4-Oxobwtanoic acid. t-Butvl RstP f SemicaTha7on<> 
l-Methylindole-2-carboxylic acid (72 mg, 0.41 mmol) and 
3(S)Kphcnylalaninyl]ainino-4-oxobutanoic acid, t-butyl ester semicarbazone (154 mg, 0.41 
mmol) were dissolved in methylene chloride (2 mL) and both DMA? (53 mg. 0.43 mmol) 
and EDAC (109 mg. 0.57 mmol) were added to the solution under a nitrogen atmosphere at 
0-C. Stirring was continued for 1 hour at 0»C and an additional 4 hours at room 
temperature. The reaction mixture was partitioned between ethyl acetate and 5% KHSO4 
solution, successively, dried over sodium sulfate, and concentrate to give a white solid. 
Trituration of the solid with ether afforded the title product as a white powder (179 mg, 
82%) . TLC: (methanol/methylene chloride: 5/95, silica gel): R/=0.44. 

EXAMPLE 15 

(3S)-3-f f 1 -Methvlindole.2 .CarbonvnPhenvlalaninvl1 Aminn 
-4-Oxobutanoic Acid. Semicarbazone 
(3S)-3-[(l -MethylindoIe-2-carbonyl) 
phenylalaninyl]amino-4-oxobutanoic acid, t-butyl ester semicarbazone (154 mg, 0.30 mmol) 
was dissolved in anisole (0.2 mL) and methylene chloride (2 mL) and the resulting solution 
was treated with TFA (1 mL). The resulting solution was stirred for 4 hours under a 
nitrogen atmosphere at room temperature. The reaction mixture was concentrated in vacuo 
and azeotroped with methylene chloride to give a puiple solid. Trituration of the solid with 
ether afforded the title product as a purple powder (141 mg, 100%). TLC: (methylene 
chloride:methanol:acetic acid, 20:1:1, silica gel): R/=0.25. 
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EXAMPLE 16 

f3S)-3-ffl-Methvlind ole-2-CarbonvnPhenvlalanmvnAmino 
-4-Oxobutanoic Acid 
(3S)-3-[(l -Methylindole-2-carbonyl)phenyl- 
alaninyl]amino-4-oxobutanoic acid, semicarbazone (116 mg, 0.25 mmol) were dissolved in 
methanol (3 mL). fonnaldehyde (1 mL, 37% wt. aq) and acetic acid (1 mL) and the 
resulting solution was stirred for 9 hours under a nitrogen atmosphere at room temperature. 
The reaction mixture was concentrated in vacuo, diluted with water, and extracted twice with 
elhyl acetate. The ethyl acetate solution was washed with brine, dried over sodium sulfate 
and concentrated to give a crude product which was triturated with ether to afford the title 
product as a brown powder (26 mg, 25%). TLC: (methylene chloride:methanoI:acetic acid, 
20:1:1, silica gel): R^.33; MS(EI) for QjI^jI^Q; M+H*=422; M-ir=420. 
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EXAMPLE 17 
n-Methvlindnle- 2^arbonvmivcine. Methvl Fs^ p j 
DMAP (1.222 g, 0.01 mol) and EDAC (2.680 g, 0.014 mol) were added as solids to a 
solution of l-methylindole-2-carboxylic acid (1.752 g, 0.01 mol) and glycine methyl ester 
hydrochloride (1.256 g, 0.01 mol) in methylene chloride (30 mL) and DMF (5 mL) under a 
nitrogen atraosphae at 0°C. Stirring was continued for 1 hour at O'C and then for 3 hours at 
room temperature. The reaction mixture was partitioned with etiiyl acetate and 5% KHSO4 
solution and tiie aqueous layer was extracted with ethyl acetate. The combined ethyl acetate 
solution was washed with 5% KHSO4 solution, saturated sodium bicarbonate solution (2x) 
solution and brine, dried over sodium sulfate, and concentrated to give a purple powder as 
crude product. Trituration of tiie powder witii ether afforded the title product (1 .734 mg, 70%). 
TLC: (methanol/metiiylene chloride 1 :9): Ry=0.61 ; 'H NMR (CDClj): 6 7.65 (dt, J=8.0, 1.1, 
IH), 7.41-7.31 (m,2H),7.16(dd,J=6.6, 1.4, lH)6.96(d,J=0.5, lH),6.67(bs, lH),4.25(d, 
J=5.2, 2H), 4.05 (s, 3H), 3.82 (s, 3H). 

EXAMPLE 18 
(l-Methvlindole-2-CarbonvnGlvcine 
( 1 -Methylindole-2-carbonyl)glycine metiiyl ester ( 1 .687 g, 6.85 mmol) was dissolved in 
1,4-dioxane (10 mL) and was treated with 1 N lithium hydroxide (7.0 mL, aq) witii stirring. 
The reaction mixture turned clear immediately and was acidified witii IN HCl and concentrated 
to remove 1 ,4^ioxane to result in a purple precipitate. The precipitate was filtered, wadied 
with water, and dried in vacuo to give tiie titie product as a purple powder (1 .482 g, 93%). 
TLC: (metiiylene chloride:metiianol:acetic acid, 20: 1 : 1, silica gel): Ry=0.28; 'H NMR 
(CDjOD): 6 7.61 (dt, J=8.2. IH). 7.44 (dd. J=8.5, 0.8, IH), 7.32-7.26 (m. IH), 7.13-7.09 (m, 
IH), 7.04 (s, IH), 4.08 (s, 2H), 3.99 (s, 3H). 
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EXAMPLE 19 
(3S V3-rf 1 -Methvlindole>2-CarbonvnGlvcinelAinino-4- 
Oxobutanoic Acid, t-Butvl Ester Semicarbazone 
(l-Methylindole-2-carbonyl)glycine (186 mg, 0.8 nunol) was dissolved in methylene 
chloride (S mL) and DMF (1 mL) and the resulting solution was treated with 
1-hydroxybenzotriazole hydrate (129 mg, 0.84 ramol) and EDAC (215 mg, 1.12 mmol) 
under a nitrogen atmosphere and the reaction mixture stirred for 10 minutes at O^C. 
3(S)-Amino*4-oxobutanoic acid, t-butyl ester semicatfoazone p-toluenesuifate (312 mg, 0.8 
mmol) followed by N-methylmorpholine (0.09 mL, 0.8 mmol), were added to the reaction 
mixture and the mixture was stirred for 1 hour at 0°C and an additional 4 hours at room 
temperature. The reaction mixture was partitioned between ethyl acetate and 5% KHSO4, 
and the product precipitated out during the work-up. The white precipitate from the aqueous 
portion was obtained by filtration and washing with water and ether. Another portion of 
white precipitate was obtained by concentration of the organic layer and trituration of the 
residue with ether. The combined precipitate was the title product (297 mg, 66%). TLC: 
(methanoymethylene chloride: 1/9, silica gel): R^=0.42; 'H NMR (CDC^ 6 7.65 (d, J=8.0. 
IH), 7.41-7.34 (m, 2H), 7.19-7.13 (m, 2H), 7.05 (d, J=0.5, IH), 4.95-4.93 (m, IH), 4.08 (s, 
2H), 4.03 (s, 3H), 2.79-2.59 (m, 2H), 1.41 (s, 9H). 
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(33>3-rf1-Methvlin(1ole-2-Carhnnvl)fil YcinvllAtntnn^ 
Oxobutanf^iy /^rjrf^ Semic^ Y^^A 

(3S)-3-[(I-M;ethylindoIe-2-carbonyl)glycinyl] 
amino^-oxobutanoic acid, t-butyl ester semicarbazone (1 18 mg. 0.26 mmol) was dissolved in 
anisole (0.2 mL) and methylene chloride (2 mL) and the resulting solution was treated with 
TFA(1 mL). The resultingsolutionwasstiaedforShoursunderanitrogen atmosphere at 
room temperature. Hie reaction mixture was concentrated in vacuo and chased with methylene 
chloride to give a green solid. Trituration of the solid with ether afforded the title product as a 
green powder (88 mg. S7%). TLC: (methylene chloride:methanol .acetic acid, 20: 11 silica 
gel): R,=0.47; 'H NMR (CD3OD): 6 7.63-7.08 (m. 6H). 4.95 (m, IH). 4.05 (s, 2H) 4 01 (s 
3H),3.77(d.J=5.8.2H). 



EXAMPI.F.71 

OSV3-fn-MpthYlinHnU.2-CarhnnY|)r.l vcinvn-Aminn^. 
Oxobutanoic AciH 
(3S)-3-[(l-Methylindole-2-carbonyl)glycinyl] 
amino-4-oxobutanoic acid, semicarbazone (76 mg, 0.20 mmol) was dissolved in a mixture of 
methanol (3 mL), formaldehyde (1 mL, 37o/o wt. aq) and acetic acid (1 mL) and the mixture 
was stirred for 6 hours under a nitrogen atmosphere at mom temperature. Tlie rtjaction mixture 
was concentrated invacuo, diluted witii water, extracted twice with ethyl acetate. Tlie 
combined ethyl acetate solutions were washed with brine, dried over sodium sulfate, and 
concentrated to give a crude product which was triturated with ether to afford the title product 
as a light yellow powder (29 mg, 44%). TXC: (methylene chloride:methanol:acetic acid, 8:1:1, 
silicagel): R,-=0.61; MS(EI)forC„H„N3O,:M+H%330. ' H NMR (CD,OD): 67.73-7.08(m 
5H), 4.90-3.8 (m, 7H), 2.72-2.47 (m, 2H). 
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EXAMPLE 22 
f 3S V3-rf 1 'Be nzvlindole»2-Carbonvn Alaninvll AjninQ-4- 
Oxobutanoic Acid. t-Butvl Ester Semicarfaazone 
l-BenzyIindole-2-carboxylic acid (477 mg, 1.9 mmol) and 
3(S)-(alaninyl)amino-4-oxobutanoic acid, t-butyl ester semicarbazone (581 mg, 1.9 mmol) 
were dissolved in methylene chloride (8 mL) and both DMAP (232 mg, 1.9 mmol) and 
EDAC (498 mg, 2.6 mmol) were added to the solution under a nitrogen atmosphere at O'^C. 
The resultant solution was stirred for 1 hour at 0**C and an additional 2 hours at room 
temperature. The reaction mixture was diluted with ethyl acetate, washed successively with 
saturated sodium bicarbonate solution and brine, dried over sodium sulfate, and concentrated 
to give a yellow foam. Flash column chromatographic purification of the foam (silica gel, 
methanol/methylene chloride 2-5%) afforded the title product as a white powder (570 mg, 
56%). TLC: (methanol/methylene chloride: 1/9, silica gel): R/=0.38; *H NMR (CDC^: 8 
8.60 (bs, IH), 7.67 (dd, J=8.0, 1.1, IH), 7.50 (d, J=8.0. IH), 7.33-7.01 (m, 8H), 6.79 (d, 
J=7.4, IH), 5.78 (s, 2H), 4.87-4.83 (m, IH), 4.67-4.62 (m, IH), 2.73-2.43 (m, 2H), 1.46 
(d, J=7.1, 3H), 1.39 (s, 9H). 
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EXAMPLE 23 
f3$)-3-rn-Ben2vlindole-2-CarbonvlUlaninv nAminQ-4- 
Oxobutanoic Acid. Semicarbazone 
(3S)-3-[(l-Benzylindole-2-caibonyl)alaninyl] 
amino-4-oxobutanoic acid, t-butyl ester semicarbazone (247 mg, 0.46 mmol) was dissolved 
in anisole (0.5 mL) and methylene chloride (2 mL) and the resultant mixture was treated 
with TFA (1 mL). The resulting solution was stirred for 3.5 hours under a nitrogen 
atmosphere at room temperature. The reaction mixture was concentrated and chased with 
methylene chloride to give a light green solid. Trituration of the solid with ether afforded 
the title product as a green powder (215 mg, 98%). TLC: (methylene 
chloride:methanol:acetic acid, 8:1:1, silica gel): R,=0.50; 'H NNCR (CE^OD): 6 8.26 (d, 
J=8.0, IH), 7.65 (d, J=8.0, IH), 7.39 (dd, J=8.5, 0.8, IH), 7.26-7.01 (m. 8H), 5.79 (d, J=7.4, 
2H), 4.56-4.49 (m. IH), 2.77-2.62 (m. 2H), 1.43 (d, J=7.4, 3H). 
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EXAMPLE 24 
GS V3-f f 1 -Benzvlindole-2>Cari>onvn Alaninvl] Ainino-4- 
Oxobutanoic Acid 
(3S)-3-({l-Benzylindole-2-carbonyl)alaninyl] 
amino-4-oxobutanoic acid, semicarbazone (176 mg, 0.37 mmol) was dissolved in methanol 
(4.5 mL), formaldehyde (1.5 mL, 37% wt. aq) and acetic acid (1.5 mL) and the resulting 
mixture was stirred for 4 hours under a nitrogen atmosphere at room temperature. The 
reaction mixture was concentrated in vacuo, diluted with water, and extracted twice with 
ethyl acetate. The ethyl acetate solution was washed with brine, dried over sodium sulfate, 
and concentrated to give a crude product which was triturated with ether to afford the title 
product as a light green powder (1 13 mg, 72%). TLC: (methylene chloride:methanol:acetic 
acid, 20:1:1. silica gel): R,=0.38; MS for C3H23N3O5; M+H*=422; M.ir=420. NMR 
(CD3OD): 6 7.65 (d. J=8.0, IH), 7.37 (dd, J=8.2, 0.8, IH), 7.24-7.04 (m, 8H), 5.87-5.73 
(m, 2H), 4.60-4.49 (m, 2H), 4.32-4.23 (m, IH), 2.69-2.44 (m, 2H), 1.41 (d, J=7.1, 2 sets, 
3H). 
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EXAMPLE 25 

f3SV3.fn-r4'.Rittenvnindole.2 ^arbonvlWalinvnAmino-4-Oxobufanoic AriH , 

t-Butvl Ester Seiifny.flrt'fiyffn'^ 
[l-(4'-Butenyl)indole]-2-caiboxyIic acid (108 mg, 0.5 inmol) and 
3(S)-(vaIinyl)amino-4-oxobutanoic acid, t-butyl ester semicarbazone (1 63 mg, 0.5 inmol) were 
dissolved in methylene chloride (3 mL). To this solution was added both DMAP (61 mg, 0.5 
mmol) and EDAC (134 mg, 0.7 mmol) under a nitrogen atmosphere at O'C and the resultant 
reaction mixture was stirred for 1 hour at 0°C and an additional 5 hours at room temperature. 
The reaction mixture was diluted with ethyl acetate, washed successively with saturated 
sodium bicarbonate solution and brine, dried under sodium sulfate, and concentrated to give a 
yellow foam. Trituration of the foam with ether afforded the title product as a slightly yellow 
powder (146 mg, 55%). TLC: (methanol/methylene chloride: 1/9, silica gel): R,=0.23; 'H 
NMR (CDClj): 6 8.69 (bs. IH), 7.64 (d, J=8.0, IH) 7.41-7.13 (m, 3H). 6.99 (s, IH), 6.91 
(d, J=8.8, IH), 5.85-5.71 (m, IH). 5.04-4.94 (m, 3H), 4.65-4.45 (m, 3H). 3.52-2.50 (m, 4H), 
2.33-2.26 (m. IH), 1.41 (s, 9H). 1.05-1.02 (m, 6H). 
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EXAMPLE 26 
f3S)-3-rfM4'-ButenvnindQle.2-CarbonvnValinvl] 
Amino-4-Qxobutanoic Acid . Semicarfaamne 
(3S>3.[(l-{4'-ButenyI)indole-2-cart)onyl) 
valinyl]amjno-4-oxobutanoic acid, t-butyl ester semicarbazone (126 mg, 0.24 mmol) was 
dissolved in anisole (0.2 niL) and methylene diloride (2 mL) and the resulting solution was 
treated with TFA (1 mL). The acidified reaction mixture vm stirred for 4 hours under a 
nitrogen atmosphere at room temperature. The reaction mixture was concentrated and chased 
with methylene chloride to give a crude solid. Trituration of the solid with ether afforded the 
title product as a puiple powder (99 mg, 88%). TLC: (methylene chloride:methanol:acetic 
acid, 20:1 :1, silica gel): R,=0.36; 'H NMR (CD,OD): 6 8,46 (d, J=8.0. IH) 8.12 (d, J=8.2, IH), 
7.62 (d, J=8.0, IH), 7.46 (dd, J=8.5, 0.8, IH), 7.3 1-7.21 (m, 2H), 7.31-7.05 (m. 2H), 5.84-5.70 
(m, IH), 4.99-4.78 (m, 3H), 4.62-4.57 (m. 2H), 4.39-4.33 (m. IH), 2.88-2.69 (m, 2H), 
2.52-2.45 (m, 2H), 2.24-2.15 (m, IH), 1.07-1 .02 (m, 6H). 
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EXAAffLE 27 

f 3S V3«rf 1 -f 4'»-Butenvnindole-2>CarbonvnValinvnAmino>4-C)xobutanoic Acid 

(3S)-3-[(l-(4'-Butenyl)indole-2-carbonyl) 
valinyl]amino-4*oxobutanoic acid, semicarbazone (79 mg, 0.17 mmol) was dissolved in 
methanol (3 mL), formaldehyde (1 mL, 37% wt. aq) and acetic acid (1 mL) and the 
resulting mixture was stirred for 7 hours under a nitrogen atmosphere at room temperature. 
The reaction mixture was concentrated in vacuo , diluted with water, and extracted twice with 
ethyl acetate. The ethyl combined acetate solutions were washed with brine, dried over 
sodium sulfate and concentrated to give a crude product which was triturated with ether to 
afford the title product as a light purple powder (24 mg, 34%). TLC: (methylene 
chloride:methanol:acetic acid, 20:1:1, silica gel): R,=0.60; MS(EI) for 
C22H27N305:M+H-=414; M-ir=412. 'HNMR(CQOD): 6 8.09-8.05 (m, IH), 7.62 (d, 
J=8.0, IH), 7.46 (dd, J=8.5, 0.8, IH), 7.31-7.25 (m, IH), 7.13-7.07 (m, 2H), 5.85-5.71 (m, 
IH), 4.99-4.90 (m, 3H), 4.62-4.54 (m, 3H), 4.41-4.30 (m, 2H), 2.75-2.46 (m, 4H), 2.22-2.14 
(m, IH), 1.06-1.02 (m, 6H). 
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EXAMPLE 28 
f3SV3-fn-f2'-f 1 '>t-Butoxv-r>Oxo^Ethvnindolc-2- 
Carbonvl)AlaninvnAniino-4-Oxobutanoic Acid> t-Butvl Ester Semicarbazone 
l-[2'-(l '-t.Butoxy-r-oxo)ethyl]indole-2. 
carboxylic acid (220 mg, 0.8 mmol) and 3(S)- 

(alaninyl)ainino-4-oxobutanoic acid, t-butyl ester semicarbazone (241 mg, 0.8 mmol) were 
dissolved in methylene chloride (3 mL) and DMF (1 mL) and the resulting solution was 
treated with both DMAP (98 mg, 0.8 mmol) and EDAC (21 1 mg. 1.1 mmol). The resultant 
reaction mixture was stirred for 1 hour at OX and then an additional 3 hours at room 
temperature to give a white precipitate. The reaction mixture was concentrated to remove 
methylene chloride and quenched with 5% KHSO4 solution. The white solid was collected 
by filtration, washed with water and ether and dried in vacuo to afford the title product as a 
white powder (297 mg, 66%). TLC: (methanol/mediylene chIoride:l/9, silica gel): R,=0.27. 
*H NMR: (CD3OD) 6 7.65 (d, J=8.0, IH), 7.41 )d, J=8.0, IH), 7.26 (s, IH), 7.22 (d, J=3.0, 
IH), 7.16-7.11 (m, IH), 5.32 (d, J=2.2, 2H), 4.94-4.89 (m, IH), 4.54 (q, J=7.1, IH), 2.76 
(d, 2H), 1.48 (d, J=7.4, 3H). 
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EXAMPLE 29 
(3S)-3-f(l-(Carboxvmethvn -Indole-2-CarfaonvnAlaninvn 
Amino-4-Oxobutanoic Acid. Semicaifaazone 
(3S)-3-[(l -(2'-(l '-t-butoxy. 1 '-oxo)ethyl) 
indole-2-carbonyI)Jamino-4-oxobutanoic add, t-butyl ester, semicarbazone (274 mg, 0.51 
mmol) in methylene chloride (2 mL) was treated with TFA (1 mL). The resulting solution 
was stirred for 2 hours under a nitrogen atmosphere at room temperature. The reaction 
mixture was concentrated and chased with methylene chloride to give a solid. Trituration of 
the solid with ether gave the title product as a light gray powder (262 mg). TLC: 
(methylene chloride:methanol:acetic acid. 8:1:1, silica gel): R/ = 0.08. 'H NMR (CDjOD): 
6 7.65 (d, J=8.0. IH). 7.41 (d, J=8.0,1H). 7.26 (s, IH), 7.22 (d, J=3.0, IH), 7.16-7.11 (m. 
IH), 5.32 (d. J=2.2, 2H). 4.94^.89 (m, IH). 4.54 (q, J=7.1. IH), 2.76 (d, 2H). 1.48 (d, 
J=7.4, 3H). 
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EXAMPLE 30 
(3S V3-f f 1 -f Carboxvmethvnindole-2>CarbonvnAlaiiinvn 
Amino-4-Oxobutanoic Acid 
(3S)-3-[( 1 -(Cart)oxymethyl)indole-2-carbonyl) 
alaninyl]aminq-4-oxobutanoic acid, semicarbazone (241 mg, 0.47 mmol) was dissolved in 
methanol (3 mL), formaldehyde (1 mL, 37% wt. aq) and acetic acid (1 mL) and the 
resulting solution was stirred for 3 hours under a nitrogen atmosphere at room temperature. 
The reaction nuxture was concentrated in vacuo, diluted with water and extracted twice with 
ethyl acetate. The combined ethyl acetate solutions were washed with brine, dried under 
sodium sulfate and concentrated to give a glassy material which was triturated with ether to 
afford the title product as a slightly yellow powder (1 14 mg, 63%). TLC: (methylene 
chloride:methanol:acetic acid, 8:1:1, silica gel): = 0.16. 'H NMR (CQ OD): 6 7.65 (d, 
J-8.0, IH), 7.40 (d, J=8.2, IH), 7.33-7.27 (m, IH), 7.24 (s, IH), 7.16-7.10 (m, IH), 5,36 
and 5.26 (AB, J=17.9. 2H), 4.64-4.50 (m, 2H), 4.34-4.20 (m, IH), 2.72-2.48 (m, 2H), 1.45 
(d, J=7.14, 3H, 2sets). 
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EXAMPLE 31 
(3SV34(l>f3Wl^t>ButoxY-r-Qxo)P^)pYl)Indole-2^ 
Carbonvl)AlaiiinvnATnino-4-Qxobutanoic Acid, t-Butvl Ester Semicarbazone 
l-(3^(r.t.Butoxy.r-oxo)propyl)indole-2- 
carboxylic acid (147 mg, 0.51 mmol) was dissolved in DMF 3 mL) and to the resulting 
solution was added both DMAP (68 mg, 0.56 mmol) and EDAC (140 mg, 0.73 mmol). 
Stirring was continued for 10 minutes under a nitrogen atmosphere at O^C. 
(3S)-3*(Alaninyl)amino-4-oxobutanoic acid, t-butyl ester semicarbazone (154 mg, 0.51 
mmol) was added to the reaction mixture, and the mixture was stirred for 1 hour at 0*^C and 
then an additional 4 hours at room temperature. The reaction mixture was partitioned 
between 5% KHSO^ solution and ethyl acetate. The ethyl acetate solution was washed 
successively with 5% KHSO4 solution, saturated sodium bicarbonate solution (2X) and brine, 
dried over sodium sulfate, and concentrated to give a foam as crude product. Trituration of 
the foam with ether afforded the title product as a white powder (161 mg, 55%). TLC; 
(methanol/methylene chloride: 1/9, silica gel): Ry=0.36; 'H NMR (CD^OD): 7.62 (d, J=8.0, 
IH), 7.50 (d, J=8.2, IH), 7.29 (I, J-8.2, IH), 7.22 (d, J=3.a IH), 7.16 (s, IH), 7.11 (t. 
J=7A IH), 4.96-4.90 (m, IH), 4.82-4.72 (m, 2H), 4.56 (q, J=7.1, IH), 2.78-2.66 (m, 4H), 
1.49 (d, J=7.4, 3H), 1.40 (s, 9H), 1.28 (s. 9H). 
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EXAMPLE 32 
(3SV3-rfl.f2'-Carboxvethvnindole-2-CarbonvnAlaninvp 
Amino-4-Oxobutanoic Acid. Semicarbazone 
(3S)-3-[( 1 -(3 '-( r-t-Butoxy. r -oxo)propyl) 
indole-2-carbonyI)alaninyl]amino-4-oxobutanoic acid, t-butyl ester semicarbazone (140 mg, 
0.24 minol) was dissolved in anisole (0.2 mL) and methylene chloride (2 mL) and the 
suspension was treated with TFA (1 mL). The resulting solution was stirred for 2 hours 
under a nitrogen atmosphere at room temperature. The reaction mixture was concentrated 
and chased with methylene chloride to give a solid. Trituration of the solid with ether gave 
the title product as a colorless powder (107 mg, 95%). TLC: (methylene 
chloride:methanol:acetic acid, 8:1:1, silica gel): R^.17; 'H NMR (CD^OD): 6 7.62 (d, 
J=8.0, IH). 7.50 (d. J=8.2, IH), 7.32-7.27 (m, IH), 7.23 (d. J=3.0, IH), 7.13-7.08 (m, 2H). 
4.97-4.90(m, IH), 4.80-4.69 (m, IH), 4.54 (q. J=7.1, IH). 2.82-2.73 (m, 4H). 1.49 (d, 
J=7.1, 3H). 



75 



wo 98/10778 



PCT/US97/ld369 



EXAMPLE 33 
(3SV3>rr 1 -f 2*-CarbQxvethvnindole-2-CarbonvnAlaninvn 
AminO'4-Oxobutanoic Acid 
(3S)-3-[(l-(2'-Carboxyethyl)indole-2.carbonyI) 
alaninyl]amino-4-oxobutanoic acid, semicarbazone (95 mg, 0^21 mmol) was dissolved in 
methanol (3 mL), formaldehyde (1 mL, 37% wt. aq) and acetic acid (1 mL) and the 
resultant solution was stirred for 4 hours under a nitrogen atmosphere at room temperature. 
The reaction mixture was concentrated to remove methanol, diluted with water and extracted 
twice with ethyl acetate. The combined ethyl acetate solutions were washed with brine, 
dried over sodium sulfate and concentrated to give a glassy material which was triturated 
with ether to afford the title product as a slightly yellow powder (20 mg, 20%). TLC: 
(methylene chloride:methanol:acetic acid, 8:1:1, silica gel): Ry=0.26; *H NMR (CD,OD): 6 
7.62 (d, J=8.0, IH), 7.51 (d. J=1H), 7.32-7.27 (m, IH), 7.13-7.08 (m, 2H), 4.80-4.76 (m, 
2H), 4.68-4.52 (m, 2H), 4.37-4.25 (m, IH), 2.84-2.50 (m, 3H), 1.47 (d, J=7.1, 3H, 2 sets). 
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EXAMPLE 34 
2,6-Dichlorobenzvloxvethanol 
Sodium hydride (1.76 g, 0.044 mol, 60% wt. in mineral oil) was slowly added to a 
solution of ethylene glycol (1 1.2 mL) in dry THF (100 mL). The resultant mixture was 
stirred briefly under a nitrogen atmosphere *at room tonperature. 

a-Bromo-2,6-dichlorotoluene (9.894 g, 0.04 mol) was added to the mixture and the mixture 
was stirred for an additional 5.5 hours und^ a nitrogen atmosphere at room temperature. 
Additional sodium hydride (0.400 g) was added and the mixture was then stirred for 24 
hours at room temperature. The reaction mixture was concentrated to remove THF, and the 
residue was partitioned between ether and water. The aqueous layer was back extracted with 
ether (2x). The combined organic solution was washed with water and brine, dried over 
sodium sulfate, filtered and concentrated to give a crude oil. The oil was flash 
chromatographed on silica gel with ethyl acetate/hexanes (10-50%) to give the title product 
as a yellow oil (4.56 g, 51%). TLC: (ethyl acetate/hexanes, 30/70): 
R, = 0.26. NMR (CDQ ): 6 7.35-7.18 (m, 3H). 4.84 (s, 2H), 3.76-3.66 (m, 4H). 
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EXAMPLE 35 

5-(2',6''Di<?hlorohenzvloxvM-Hvdroxv.3-NitroH entanoic Acid. t-Butvl Kiter 
DMSO was added dropwise to a solution of (47.5 mL) oxalyl chloride (7.5 mL, 15.0 

nunol, 2.0 M in methylene chloride) and the resultant reaction mixture was stirred for 10 

min at -78'C. 2,6-Dichlorobenzyloxy- ' 

ethanol (2211 mg, 10 mmol) in dry methylene chloride (5 mL) was added dropwise to the 
mixture and the mixture was then stirred for 15 minutes under a nitrogen atmosphere at 
-78T. Triethylamine (8.4 mL, 60 mmol) was added dropwise to the reaction mixture, and 
the resultant mixture was stirred for 10 min at -78'C, then allowed to warm to O^C (over a 
period of approximately 20 min). A methylene chloride solution of tert-butyl 3- 
mtropropionate (1927 mg, 11.0 mmol in 5 mL of dry methylene chloride) was added 
dropwise to the reaction mixhire and the mixture was stirred for 1 hour. The residue was 
extracted with ether and the resultant white solid was collected by filtration. The organic 
filtrate was washed with 5% KHSO4 solution (2x) and brine, dried over sodium sulfate, and 
concentrated to give a crude oil (3.95 g). The oil was subjected to flash chromatography on 
silica gel with ethyl acetate/hexanes (1:2) to afford the title product as a yellow oil (2.917 g, 
74%). TLC: (ethyl acetate, hexanes, 60/40): = 0.54. 

EXAMPLE 36 

.3-Amino-5-(2'.6'-Dichloro benzvloxv)-4-HvdroxvDentanoic Acid. t-Butvl F-s^^t^ y 

A mixture of 5-(2',6'-dichloroben2yloxy)-4- 
hydroxy-3-nitropentanoic acid t-butyl ester (2.213 g, 0.0056 mol) and wet Raney nickel (3.4 
g) in methanol (150 mL) was stirred for 2 hours under a hydrogen balloon at room 
temperature. The reaction mixture was filtered through Celite and the filter cake was 
washed with methanol. The filtrate was concentrated and chased with methylene chloride to 
give the title product (2.078 g, 100%). TLC: (methanol/methylene chloride 1/9): 0.21. 



78 



wo 98/10778 



PCT/US97/16369 



EXAMPLE 37 
N-( 1 .3-Dimethvlindole-2-Carbonvn Valine 
DMA? (367 mg, 3.0 mmol) and EDAC (748 mg, 3.9 irnnol) were added as solids to 
a solution of 1 ,3-dimethylindole-2-carboxylic acid (568 mg, 3.3 mmol) in DMF (5 mL), and 
the resultant mixture was stirred for 10 minutes under a nitrogen atmosphere at O'^C. A 
methylene chloride solution of the methyl ester of valine (553 mg, 3.3 mmol, in 5 mL of 
methylene chloride) was added to the mixture, and the mixture was first stirred for one hour 
at 0**C then for 5 hours at room temperature. The reaction mixture was partitioned between 
ethyl acetate and 5% KHSO< solution and the aqueous solution was back-extracted with 
ethyl acetate. The combined ethyl acetate washes were in turn washed with 5% KHSO4 
solution saturated sodium bicarbonate solution (2x) and brine, dried over sodium sulfate, and 
concentrated to give the title product as a yellow syrup (900 mg). 

A 1,4-dioxane solution (5 mL) of the above yellow syrup was treated with an 
aqueous solution of lithium hydroxide (1.0 M LiOH, 3.0 mL) and the resultant mixture was 
stirred for 1 hour at room temperature (the mixture became homogeneous). The reaction 
mixture was acidified with I M hydrochloric acid and extracted with ethyl acetate (3x). The 
combined ethyl acetate solutions were washed with brine, dried over sodium sulfate, and 
concentrated to give the title product as a yellow foam (839 mg). 'H NMR (CD3OD): 6 
7.58 (dt, J=8.0, 0.8, IH), 7.37 (dd, J-8.0, 0.8, IH), 7.29-7.24 (m, IH), 7.12-7.06 (m, IH), 
4.57 (d, J=5.8, IH), 3.80 (s, 3H), 2.48 (s, 3H), 3.34-2.28 (m, IH), 1.10 (d, J=6.9, 3H). 1.07 
(d, J=6.9, 3H). 
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EXAMPLE 38 
N-rn.3-Dimeth YHndole-2-CarbonvlWalinvn-3-AminQ-4- 
Hvdroxv-S-f2'.6'-Dichlorohenr vloxvlPentanoic Acid. t-Butvl Rsfer 
l-Hydroxybenzotriazole hydrate (153 mg, 1.0 mmol) and EDAC (268 rag, 1.4 ininol) were 
added to a methylene chloride solution of N-(l,3-dimethyIindole-2- 
cart)onyl)valine (288 mg, 1.0 mmol, in 3 mL of methylene chloride). The resultant mixture 
was stirred for 10 minutes under a nitiogai atmosphwe at room temperature. A methylene 
chloride solution of 3-amino-5-(2',6*- 

dichlorobenzyloxy)-4-hydroxypentanoic acid, t-butyl ester (364 mg, 1.0 mmol, in 2 mL of 
methylene chloride) was added to the reaction mixture and the mixture was first stirred for 
one hour under a m'trogen atmosphere at 0°C, and then for 16 hours at room temperature. 
The reaction mixture was partitioned between ethyl acetate and 5% KHSO4 solution and the 
aqueous solution was back-extracted with ethyl acetate. The combined ethyl acetate 
solutions were washed with 5% KHSO^ solution, saturated sodium bicarbonate solution (2x) 
and brine, dried over sodium sulfate, and concentrated to give crude product (583 mg). The 
crude product was subjected to flash chromatography on silica gel with ethyl acetate/hexane 
(2/3) to give the title product as a white solid (260 mg). TLC: (ethyl ac^te/hexanes 1:1): 
R/= 0.38. 
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EXAMPLE 39 

N-rfl J-Dimethvlindole>2-CarbonvlWalinvn-3-Amino-4-0^ 
'-Dichlorobenzvloxv)Pentanoic Acid> t-Butvl Ester 

Dess-Martin periodinane (195 mg) was added as a solid to a solution of 
N-[(l,3-dimethylindole.2. 

carbonyl)valinyl]-3-ainino-4-hydroxy-5-(2\6'-dichloro-benzyloxy)pentanoic acid, t-butyl 
ester (96 mg) in DMSO (1.5 ml). The resulting solution was stirred under a nitrogen 
atmosphere at room temperature for thirty minutes, then partitioned between EtOAc and 
water. The orgamc phase was washed with water (2x) and brine, dried (Na^SOJ, and 
concentrated to give a white solid (83 mg). Flash chromotographic purification with 
EtOAc/hexanes (1:1) afforded the title product as a white solid (54 mg). TLC 
(EtOAc/hexanes; 1:1, silica gel): Ry = 0.52. 

EXAMPLE 40 

N-r(1.3-Dimethvlindole-2>CarbonvnValinvlV3-Amino-4>Oxo>S>f2\6 
'-Dichlorobenzv!oxv)Pentanoic Acid 

A solution of N-[(l,3-Dimethylindole-2- 
carbonyl)valinyl]-3-amino-4-oxo•5•(2^6'-dichlo^o•benzyloxy)pentanoic acid, t-butyl ester (49 
mg) in anisole (0.2 mL) and methylene chloride (2 mL) was treated with TFA (1 mL) and 
stirred for 30 minutes under a nitrogen atmosphere at room temperature. The resultant 
solution was concentrated and chased with methylene chloride to give a white solid as the 
crude product. The crude product was triturated with ether to yield the title product as a 
white powder (34 mg). MS(EI) for QjHjjCljNjOfi; MH"=576/578; (MH) =574/5 76. 
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EXAMPLE 41 
N-[( 1 3-Diincthylindole-2-Carbonyl)Valinyl]-3-Aniino-4- 
Hvdroxv-S- FluoroDentanoic Acid. t-Butvl Ester 
4-Dimethylaniinopyridine (DMAP) (67 mg, 0.55 mmol) and 
1 -<3^-diinethylaminopropyI)-3- 

ethylcarbodiimide hydrochloride (EDAQ (125 mg, 0.65 mmol) were added as solids to a 
DMF solution of U-dimethylindole.2-carboxylic acid (95 mg, 0.5 mmol in 1 mL of DMF), 
and the resultant reaction mixture was stirred for 10 minutes under a nitrogen atmosphere at 
0"C. A methylene chloride solution of N-(valinyl)-3- 

amino-4-hydroxy-5-fluoropcntanoic acid, t-butyl ester (153 mg, 0.5 mmol in 1 mL of 
methylene chloride) was added and the resultant reaction mixture was first stirred for 1 hour 
at 0°C and then for 4 hours at room temperature. The reaction mixture was partitioned 
between ethyl acetate and 5% KHSO4 solution and the aqueous solution was back-extracted 
with ethyl acetate. The combined ethyl acetate solutions were washed with 5% KHSO^ 
solution, saturated sodium bicarbonate solution (2x), and brine, dried over sodium sulfate, 
and concentrated to give a solid. The solid was triturated with cther/hexane to yield the title 
product as a white solid (134 mg, 56%). TLC: (ethyl acctate/hexanes, 2:1): = 0.42. 'H 
NMR (CDCI3): 6 7.59 (d, J = 8.8. 1 H), 7.37 (d, J = 7.7, I H). 7.29-7.24 (m. 1 H). 
7.12-7.07 (m, 1 H), 4.49-4.26 (m. 5 H), 3.81-3.79 (m, 3 H), 2.66-2.47 (m, 5 H), 2.22-2.10 
(m, 1 H). 1.45-1.41 (m, 9 H), 1.09-1.03 (m, 6 H). 
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EXAMPLE 42 

N-f f 1 J-Dimethvlindole-2"CarbonvlWalinvl1-3-Amino-4'Oxo-S-Fluoropentanoic Acid. 
t-Butvl Ester 

Dimethyl sulfoxide (0.09 mL, 1.25 mmol) was added to a solution of oxalyl chloride 
(0.19 mL, 2.0 M, 0.38 mmol) in methylene chloride (4 mL), and the resultant mixture was 
stirred for 10 minutes under a nitrogen atmospha-e at -78*C. A dry methylene chloride 
solution of N-[ 1 ,3-dimethylindole-2-carbonyl)valinyl]- 

3-amino-4-hydroxy-5-fluoropentanoic acid, t-butyl ester (119 mg, 0.25 mmol in 1 mL of dry 
methylene chloride), was added dropwise to the mixture and the resultant reaction mixture 
was stirred for 15 min at -78X. Triethylamine (0.21 mL, 1.5 nmiol) was added dropwise, 
and the reaction mixture was then stirred for 10 minutes at -78^C. then was allowed to warm 
to room temperature. The reaction mixture was partitioned between ethyl acetate and 5% 
KHSO4 solution and the aqueous layer was back-extracted with ethyl acetate. The combined 
ethyl acetate solutions were washed with 5% KHSO4 solution and brine, dried over sodium 
sulfate, and concentrated to give a crude product. The crude product was chromatographed 
with ethyl acctate/hexanes (2:1) on silica gel gave the title product as a white solid (48 mg, 
41%). TLC: (ethyl acctate/hexanes, 2:1): = 0.58. 

EXAMPLE 43 

N-rn.3«Dimethvlindole-2-CarbonvnValinvn-3-Amino>4>Oxo-5-Fluoropentanoic Acid 
A solution of N-[(l,3-dimethylindole-2- 
carbonyl)valinyl]-3-amino-4-oxo-5-fluoropentanoic acid, t-butyl ester (40 mg) in anisole (0.2 
mL) and methylene chloride (2 mL) was treated with triiluoroacetic acid (1 mL), and the 
resultant reaction mixture was stirred for 30 minutes under a nitrogen atmosphere at room 
temperature. The reaction mixture was concentrated and chased with methylene chloride to 
give a solid. The solid was triturated with ether to yield the title product as a brown powder 
(17 mg). TLC: (methylene chloride/ 

methanol/acetic acid, 20:1:1): R, = 0.40. MS (EI) for Q, HtFIi Q : MH*=420; MH =418. 
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EXAMPLE 44 

N.f(l-MethYlmd9le-2-CarhonvlWrJinvn-^-An,inn.^. H vdroxv.S.Fh.^^^ ^..-^ 
t-Butvl Ester 

DMAP (95 mg. 0.78 mmol) and EDAC (200 mg, 1.04 mmol) were added as solid to 
a solution of l-methylindole-2-carboxylic acid (130 mg, 0.74 mmol) and 
N-(valinyl)-3-amino-4-hydroxy-5-fluoropentanoic acid, t-butyl ester (227 mg, 0.74 mmol) in 
methylene chloride (5 mL), and the resultant solution was stirred for 1 hour under a nitrogen 
atmosphere at OX and then 4 hours at room temperature. The reaction mixture was 
partitioned between ethyl acetate and 5% KHSO, solution and the aqueous solution was 
back-extracted with ethyl acetate. The combined ethyl acetate solutions were washed wiUi 
5% KHSO4 solution, saturated sodium bicarbonate solution (2x) and brine, dried over 
sodium sulfate, and concentrated to give a foam. The foam was triturated with ether to 
yield the tiUe product as a slightly brown solid (224 mg. 65%). TLC: (methanol/methylene 
chloride, 1:9): R/=0.46. 
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EXAMPLE 45 

N-ff 3-Chloro> 1 >Methvlindole>2>CarbonvnValinvn-3- Amino- 
4-Oxo-S-Fluoropentanoic Acid, t-Butvl Ester 
DMSO (0.06 mL, 0.9 mmol) was added to a solution of oxalyl chloride (0.14 mL, 
2.0 M, 0.28 nunol, in 4 mL of methylene chloride) and the solution was then stirred for 10 
minutes under a nitrogen atmosphere at ~7S^C, A solution of 
N-[( l-methylindoIe-2-carbonyl) 

valinyl]-3-amino-4-hydroxy-5-fluoropentanoic acid, t-butyl ester (85 mg, 0.18 mmol) in dry 
methylene chloride (1 mL), was added dropwise to the reaction mixture and the mixture was 
stirred for 15 minutes at -TS'^C. Triethylamine (0.15 mL, 1.08 mmol) was added dropwise 
to the reaction mixture and the mixture was stirred for 10 minutes at -78^C and then was 
allowed to warm to room temperature. The reaction mixture was partitioned between ethyl 
acetate and 5% KHSO4 solution and the aqueous layer was back-extracted with ethyl acetate. 
The combined ethyl acetate solutions were washed with 5% KHSO4 solution and brine, dried 
over sodium sulfate, and concentrated to give a brown foam. The foam was triturated with 
ether to afford the title product as a light brown powder (64 mg). MS for C24H3,C1FN305: 
(MH)=494/496. 
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EXAMPLE 46 

N-f(3-ChloTn-l.MAfKYi; ndole-2-CarhnnvnValinvl].^-A»f ,p»_ 
4-Oxo-5-Fl uoropentanoift Arirt 
A solution N-[(3-chIoro-l.inethylindole-2- 
carbonyl)vaIinyl]-3-amino-4^xo-5-fluoropentanoic acid, t-butyl ester (47 mg) in anisole (0 2 
mL) and methylene chloride (2 mL) was treated with TPA (I mL) and the resultant reaction 
mature was stirred for 1 hour under a nitn,gen atmosphere at room temperature. The 
reaction mixture was concentrated and chased with methylene chloride, then triturated with 
ether to afford a brown powder (28 mg). The powder was subjected to flash 
chromatography on silica gel with methanol/methylene chloride containing a drop of acetic 
acid to give the title product (25 mg). TLC: (methylene chloride/ 
methanol. 9:1): R,= 0.29. MS(EI) for QoH3ClF>^ Q : mH^=440.442; (M-H)-=438/440. 

EXAMPLE 47 

N-r(5-Fluoro.l.Methvl.nH»l^. 2-CaihQnvnVal.nvn.3-Aminn 
-4-Hvdroxv-S-F]uoropftnfan oic Acid. t-Rnty l Fct^r 
DMAP (257 mg. 2.08 mmol) and EDAC (427 mg, 2.23 mmol) were added as solids 
to a solution of 5-fluoro-l-methyIindole-2-carboxylic acid (359 mg, 86 mmol in 3 mL of 
DMF), and the resultant reaction mixture was stirred for 10 minutes under a nitrogen 
atmosphere at 0°C. N-(ValinyI)-3-amino-4.hydroxy-5- 

fluoropentanoic acid, t-butyl ester (579 mg. 1.86 mmol) in DMF (3 mL) was added and the 
resulting solution was stirred for 1 hour under a nitrogen amiosphere at 0°C and 4 hours ai 
room temperature. The reaction mixture was partitioned between ethyl acetate and 5% 
KHSO, solution and the aqueous solution was back-extracted with ethyl acetate. The 
combined ethyl acetate solutions were washed with 5% KHSO, solution, saturated sodium 
bicarbonate solution (2x) and brine, dried over sodium sulfate, and concentrated to give the 
title product as a slightly yellow solid (0.827 mg). TLC: (methanol/methylene chloride 
1:9): R^ = 0.52. 
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EXAMPLE 48 

N-rr 3>Chloro>5>Fluoro> 1 -Methvlindole-2-Carbon vH Valinvll 
"3-Amino-4-Oxo>S-Fluoropentanoic Acid. t-Butvl Ester 
DMSO (0.60 mL, 8.5 mmol) was added to a methylene chloride solution of oxalyl 
chloride (2.1 mL, 2.0 M, 4.2 mmol, in 15 mL of methylene chloride), and the resultant 
reaction mixture was stirred for 10 minutes under a nitrogen atmosphere at -78**C, A 
methylene chloride solution of N-[(5-fluo^o-l-methylindole-2- 
ca^bonyl)valinyl]•3-amino-4•hydroxy-5-fluoropentanoic acid, t-butyl ester (820 mg, L7 
mmol, in 8 mL of dry methylene chloride), and DMSO (0.4 mL) were added dropwisc to 
the reaction mixture and stirred for 15 minutes at -78°C. TEA (1.4 mL, 10.2 mmol) was 
added to the mixture dropwise and the mixture was stirred for 10 minutes at -78®C, then was 
allowed to warm to room temperature. The reaction mixture was partitioned between ethyl 
acetate and 5% KHSO4 solution and the aqueous layer was back-extracted with ethyl acetate. 
The combined ethyl acetate solutions were washed with 5% KHSO4 solution and brine, dried 
over sodium sulfate, and concentrated to give the title product as a slightly yellow solid. 
Trituration with ether afforded the title product as a white powder (705 mg, 85%). TLC: 
(methanol/methylene chloride, 1:9); = 0.63. MS for C24H30CIF2NJO5: MH*=514/516; 
(M-H)=512/514. 
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EXAMPLE 49 

N-f O-Chloro-S-Fl uoro- 1 -M^hvlindole-2-CarbonvnValinvl] 
'3-Amino-4-Oxo.5.F |uoroDentanoic Acid 
A solution of N-[(3-chIoro-5-fluoro-I- 
methylindole-2-carbonyl)vaIinylJ-3-amino-4-oxo-5- 

fluoropentanoic acid, t-butyl ester (682 mg) in anisole (1 mL) and methylene chloride (10 
mL) was treated with TFA (5 mL), and the resultant reaction mixture was stirred for 45 
minutes under a nitrogen atmosphere at room temperature. The reaction mixture was 
concentrated and chased with methylene chloride, then triturated with ether to afford the title 
product as a white powder (500 mg). MS (EI) for CjoH^ClFjNjOj: MH^=458/460; 
(M-H)=456/458. 
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EXAMPLE 50 
N-f f 1 >f 3 ^-PhenvlDropvnindole-2-CarbonvnVal in vllO- 
Aniino>4-Hvdroxv-5>FluoroDentanoic Acid. t-Butvl Ester 
DMA? (122 mg, 1.0 mmol) and EDAC (249 mg 1.3 mmol) were added as solids to 
a DMF solution of l-(3'-phenyIpropyl)indole-2-carboxylic acid (279 mg, 1.0 mmol, 2 mL 
in DMF), and the resultant mixture was stirred for 10 minutes under a nitrogen atmosphere 
at 0**C. A methylene chloride solution of N-(valinyl)-3- 

amino*4-hydroxy-S-fluoropentanoic acid, t-butyl ester (306 mg, 1.0 mmol in 2 mL of 
methylene chloride) was added to the reaction mixture and the mixture was stirred for 1 
hour under a nitrogen atmosphere at O^C and then 4 hours at room temperature. The yellow 
reaction mixture was partitioned between ethyl acetate and 5% KHSO4 solution and the 
aqueous solution was back-extracted ^nth ethyl acetate. The combined ethyl acetate 
solutions were washed with 5% KHSO4 solution, saturated sodium bicarbonate solution (2x) 
and brine, dried over sodium sulfate, and concentrated to give a crude solid (0.827 g). The 
crude solid was subjected to flash chromatography on silica gel eluting with ethyl 
acetate/hexanes (1:2) afforded the title product as a slightly yellow solid (171 mg). TLC: 
(ethyl acetate/hexanes 2:1): Rj = 0.57. 
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EXAMPLE 51 
N■f(^f3^PhenvlDropvmlldole■2■Ca^bonvlWa^nv^ 
Amino-4-OxO"S-Fluoropentanoic Acid, t-Butvl Ester 
DMSO (0.11 mL, 1.5 mniol) was added to a methylene chloride solution of oxalyl 
chloride (0.22 mL, 2.0 M, 0.44 mmol in 3.5 mL in methylene chloride), and the resultant 
solution was stirred for 10 minutes under a nitrogen atmosphere at -78**C. A methylene 
chloride solution of N-[(l-(3•-phenylpropyl)indole-2- 
ca^bonyl)valinyl]-3-amino-4-hydroxy-5-fluoropentanoic acid, t-butyl ester (169 mg, 0.3 
mmol in 1.5 mL of dry methylene chloride) was added dropwise and the resulting solution 
stirred for 15 minutes at -78**C. Triethylamine (0.25 mL, 1.8 nunol) was added dropwise to 
the reaction mixture and the mixture was stirred for 10 minutes at -78®C, then was allowed 
to warm to room temperature. The reaction mixture was partitioned between ethyl acetate 
and 5% KHSO4 solution and the aqueous layer was back-extracted with ethyl acetate. The 
combined ethyl acetate solutions were washed with 5% KHSO4 solution and brine, dried 
over sodium sulfate, and concentrated to give a crude product. The crude product was 
triturated with hexanes to yield the title product as a slightly yellow powder (129 mg, 77%). 
TLC: (ethyl acetate/hexanes 2:1): Kj = 0.69. 
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EXAMPLE 52 
N-ffl>G^Phenvlpropvnindole-2-CarbonvnValinvl1-3^ 
Amino-4-Oxo-5-Fluoropentanoic Acid 
A solution of N-[(l-(3'-phenylpropyl)indole-2- 
ca^bonyl)vaIinyl]-3-amino-4-oxo-S-fluo^opentanoic acid, t-butyl ester (97 mg) in anisole (0.2 
mL) and methylene chloride (2 mL) was treated with TFA (1 mL), and the resultant reaction 
mixture was stirred for 1 hour under a nitrogen atmosphere at room temperature. The 
reaction mixture was concentrated and chased with methylene chloride, then triturated with 
ether to yield the title product as a slightly yellow powder (44 mg). TLC: (methylene 
chloride/methanol/acetic acid, 20:1:1): = 0.4; MS (EI) for MH*=510; 
(M-H)=508. 

EXAMPLE 53 

N-rn-Phenvlindole-2-Carbonvl)Valinvl]"3'Amino-4-Hvdroxv 
-5-Fluoropentanoic Acid. t-Butvl Ester 
DMA? (122 mg, 1.0 nimol) and ED AC (249 mg, 1.3 mmol) were added as solids to 
a DMF solution of l'phenylindole-2-carboxylic acid (237 mg, 1.0 mmol in 2 mL DMF), and 
the resultant reaction mixture was stirred for 10 minutes under a nitrogen atmosphere at 0®C. 
A methylene chloride solution of N-(valinyl)-3-amino-4- 

hydroxy-5-fluoropentanoic acid, t-butyl ester (306 mg, 1 .0 mmol in 2 mL of methyl^e 
chloride) was added to the reaction mixture and the mixture was stirred for 1 hour under a 
nitrogen atmosphere at O^'C and 4 hours at room temperature. The yellow reaction mixture 
was partitioned between ethyl acetate and 5% KHSO4 solution and the aqueous solution was 
back-extracted with ethyl acetate. The combined ethyl acetate solutions were washed with 
5% KHSO4 solution, saturated sodium bicarbonate solution (2x) and brine, dried over 
sodium sulfate, and concentrated to give a colorless film (0.827 g). The film was subjected 
to flash chromatography on silica gel with ethyl acetate/hexanes (1:2) to yield the title 
product as a white foam (400 mg, 78%). TLC: (ethyl acetate/hexanes 1:1): R . = 0.27. 
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EXAMPLE 54 

N-f f 1 -Phenvlindole-2-Carbonvl Walin vl V3-Amino-4-QxO'S- 
Fluoropentanoic Acid. t-Butvl Ester 
DMSO (0.13 mL, 1.9 mmol) was added to a methylene chloride solution of oxalyl 
chloride (0.29 jnL, 2.0 M, 0.58 mmol in 4 mL of methylene chloride), and the resultant 
solution was stirred for 10 minutes under a nitrogen atmosphere at 78X. A methylene 
chloride solution of N-[(l-phenylindole-2-carbonyl)valinyl]- 

3-amino-4-hydroxy-5-fluoropentanoic acid, t-butyl ester (200 mg, 0.38 mmol in 2 mL of dry 
methylene chloride) was added dropwise and resulting mixture stirred for 15 minutes at 
-78**C. Triethylamine (0.30 mL, 2.1 mmol) was added dropwise to the mixture, and the 
resultant mixture was stirred for 10 minutes at -78^C, then was allowed to warm to room 
temperature. The reaction mixture was partitioned between ethyl acetate and 5% KHSO4 
solution and the aqueous layer was back-extracted with ethyl acetate. The combined ethyl 
acetate solutions were washed with 5% KHSO4 solution and brine, dried over sodium 
sulfate, and concentrated to give a crude product. The crude product was triturated to yield 
the title product as a slightly yellow powder (181 mg). TLC: (ethyl acetate/hexanes 1:1): 
R; = 0.43. 
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EXAMPLE 55 

N-rn-PhenvlinHnl«--7- CaibonvnValinvn-3-Amino-4-OxQ.5- 
Fluoropentanoic Acid 
A solution of N-[(l-phenylindole-2-carbonyl) 
valinyl]-3-amino-4-oxo-5-fluoropentanoic acid, t-butyl ester (154 mg) in anisole (0.2 mL) 
and methylene chloride (2 mL) was treated with TFA (I mL), and the resultant reaction 
mixture was stirred for one hour under a nitrogen atmosphere at room temperature. The 
reaction mixture was concentrated and chased with methylene chloride, then triturated with 
ether to yield the title product as a white powder (100 mg). TLC: (methylene 
chloridc/methanol/acetic acid, 20:1:1): R, = 0.38, MS (EI) for Q, lij FhJ Q : MH'=468; 
(M-H)=466. 



EXAMPLE 56 
}4-iU2'.(n '.t.RutftY v-1 '.Oxo)Ethvnindole-2-Carhnnv1) 
Valinvn-3-Amino-4-H vdroxv-5-Fluoropentanoic Acid. t-Butvl Ester 
DMA? (122 mg. I.O mmol) and EDAC (249 mg, 1.3 mmol) were added as solids to a DMF 
solution of (l-(2'-((r.t-butoxy-r-oxo)ethyl)indole-2-carboxyhc acid (275 mg, 1.0 mmol in 
2 mL of DMF), and the resultant solution was stirred for 10 minutes under a nitrogen 
atmosphere at 0°C. A methylene chloride solution of 

N-(valinyl)-3-amino-4-hydroxy-5-fluoropentanoic acid, t-butyl ester (306 mg, 1.0 mmol in 2 
mL of methylene chloride) was added to it, stirred for 1 hour under a nitrogen atmosphere at 
0°C and 4 hours at room temperature. The yellow reaction mixture was partitioned between 
ethyl acetate and 5% KHSO4 solution and the aqueous solution was back-extracted with 
ethyl acetate. The combined ethyl acetate solutions were washed with 5% KHSO4 solution, 
saturated with sodium bicarbonate solution (2x) and brine, dried over sodium sulfate, and 
concentrated to give a colorless film (0.827 g). The film was flash chromatographed on 
silica gel with ethyl acetaic/hexane (1:1) to yield the title product as a white foam (461 mg). 
TLC: (ethyl acetate/hexanes 30:70): R, = 0.1 1. 
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EXAMPLE 57 
N-fn-f2*-ff 1 '>t>Butoxv>l ^Oxo)Ethvmndole-2-Carbonvn 
Valinvn'3-Amino-4*Oxo-S>Fluoropentanoic Acid. t^Butvl Ester 
A mixture of N.[(^(2'-((r-t-butoxy.^- 
oxo)ethyl)indole-2-ca^bonyl)valinyl]-3-amino-4-hydroxy-5-fluoropentanic acid, t-butyl ester 
(230 mg, 0.41 mmol), N-methylmorpholine N-oxide (71 mg, 0.61 mmol) and powdered 
molecular sieves (205 mg) in dry methylene chloride (2 mL) was stirred for 1.5 hours under 
a nitrogen atmosphere at room temperature. Tetra(propyl)ammonium perruthenate (7 mg) 
was added and the resulting mixture was stirred for 2 hours under a nitrogen atmosphere at 
room temperature. The reaction mixture was filtered through silica gel with ethyl acetate as 
the eluent. Tlie filtrate was concentrated and chromatographed on silica gel with ethyl 
acetate/hexanes (approximately 1:2 to approximately 1:1) to yield the title product as a 
yellow oil (100 mg). TLC: (ethyl acetate/hexanes 30/70): = 0.27. 

EXAMPLE 58 

N-rn-fCarboxvmethvnindole-2-CarbonvnValinvn-3-Amino 
'4'Oxo«S-Fluoropentanoic Acid 
A solution of N[(l-(2'.((r-t-butoxy-l 
oxo)ethyl)indole-2-carbonyI)valinyl]-3*amino-4-oxo-5- 

fluoropentanoic acid, t-butyl ester (100 mg) in anisole (0.2 mL) and methylene chloride (2 
mL) was treated with TEA (1 mL). The resultant reaction mixture was stirred for 30 
minutes under a nitrogen atmosphere at room temperature. The reaction mixture was 
concentrated and chased with methylene chloride, then triturated with ether to yield the title 
product as a light yellow powder (26 mg). TLC: (methylene chloride/niethanol, 8:1:1): 
R, = 0.32. MS (EI) for q, H4 FIS Q : MH*=450; (M-H)'=448. 
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EXAMPLE 59 

N-fn -MethvHndole-2-carbQnvlWalinvlV 3-ammo>4>hvdroxv>5-fluoropen acid, t^butyl 
ester 

To a solution of l-methylindole-2-carboxylic acid (130 mg, 0.74 mmol) and N- 
(valinyl)-3-amino-4-hydroxy-5-fluoropentanoic acid, tert-butyl ester in methylene chloride (5 
mL) and cooled to O^C. Solid 4-dimethylaminopyridine (DMAP) (95 mg, 0.78 mmol) and 
l-(3'-dimethylaminopropyl)-3-ethyIcarbodiimide hydrochloride (EDAC) (200 mg, 1.04 
nrniol) were added to the solution at 0 The reaction mixture was stirred at 0 for 1 h 
and allowed to warm slowly to room temperature. After 4 h the reaction was partitioned 
between ethyl acetate (EtOAc) and 5% KHSO4 aqueous solution. The organic layer was 
washed with 5% KHSO4 solution, saturated sodium bicarbonate solution, brine, dried 
(Na2S04) and concentrated to a foam. The crude residue was triturated with diethyl ether 
and the solid filtered to afford the title compound as a light brown solid* (224mg, 65% 
yield). TLC(MeOH:CH2Cl2, 1:9): Rf= 0.46. 

EXAMPLE 60 

N-[fl-Methvlindole-2-carbonvnva]invn-3-amino-4-oxO'5-fl uoropentanoic acid, t-butvl ester 

To a solution of N-[(^methylindole-2-ca^bonyl)valinyl]-3-amino-4-hydroxy-5- 
nuoropentanoic acid, t-butyl ester (51 mg, 0.11 mmol) in DMSO(l mL) was added Dess- 
Martin periodinane (110 mg). After 30 min at room temperature the reaction mixture was 
partitioned between ethyl acetate and water. The organic layer was washed with water and 
brine, dried and concentrated to a white solid. Trituration with diethyl ether and collection 
of the solid afforded the title compound as a white powder (25 mg, 49% yield). 
TLC(MeOH:CH2Clj, 5:95): 0.48. 
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EXAMPLE 61 

N4n-Methvlindole-2-carbQnvn valinvn-3.amino.4-oxo.S.nuoropen«annic.ariH 

A solution of N-[(l-inethylindole-2-carbonyl)valinyl] .3-ainino-4-oxo-5- 
fluoropentanoic acid, t-butyl ester (19 mg, 0.041 nunol) and anisole (0.1 mL) in CHjCl^ (1 
mL) was treated with triOuoroacetic acid (0.5 mL) at room temperature. After 30 min the 
reaction mixture was concentrated and chased with methylene chloride. The crude residue 
was triturated with diethyl ether and the solid filtered to afford the title compound as a light 
brown solid (12 mg, 72% yield). TLC(AcOH:MeOH:CHjCl2, 1:1:20): Rf= 0.59. Mass 
Spectrum for C20H24FNJOJ: [MH] * 406, [MH] " 404. 

Following the methods set down in Examples 59-61, the following compounds were 
prepared: 

EXAMPLE 62 

N-r(L3-Dimethvl-5-fluoroindole.2-carh o nvn valinvn-3-amino-4.oxo-5-fluoronentanoic acid 
57% yield; TLC(MeOH:CHjClj, 5:95): Rf= 0.56. Mass Spectrum for Q, PJ, 5 Q ; [MH]* 
438, [MH]- 436. 

EXAMPLE 63 

N-f(l-homoallvlindole-2-carbonv lWalinvn-3.amino-4-oxo-5-nuoropentanotr. arirf 
29% yield; TLC(MeOH:CHjCl„ 1:9): 0.33. . Mass Spectrum for Q3 H, Fl^ Q : [MH]* 
446, [MNa]*468, [MH} 444 
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EXAMPLE 64 

N-f ( 1 -Methvl-S-fluoroindole-2-carbonvnvaHnvn-3-amino-4-oxo-5-fluoropentanoic acid 
89% yield; TLC(MeOH:CH2a2,9:l): 0.14. Mass Spectrum for QoHs 5 ^^ Q : [MH]* 
424, [MHl-422 

EXAMPLE 65 

N-f f 1 •Methvl-3-isobutvlindole-2-carfaonvnvalinvn-3-amino-4-oxo-S-fluoropentanoic acid 
50% yield; TLC(MeOH:CH2Cl2,9:l): Rr=0.20. Mass Spectrum for I^j FIS Q = [MH]' 462, 
[MH]- 460. 

EXAMPLE 66 

N-f ( 1 -Methvl-3-phenethvlindole-2-carbonvnvalinvlV3-amino-4-oxo-S-fluoropentanoic acid 
38% yield; TLC(ethyl acetate: hexanes, 1:1): R^* 0.19. Mass Spectrum for QjHjjFl^Oj: 
[MH]* 510. [MHJ 508. 

EXAMPLE 67 

N-f( 1 -Methvl-5-Obenzvlindole-2-carbonvnvalinvll-3-amino-4-oxo-5-fluoropentanoic acid 
78% yield; TLC(ethyl acetate: hexanes, 1:1): R,= 0.17. Mass Spectrum for Q7fc^oF>^Q: 
[MHf 512, [MHJ 510. 
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EXAMPLE 68 

N-( K3-DimethvlMndole-2-carbon vlVvalinvl-3>amino>S-bromo-4>oxo>Dentanoic acid, t-butvl 

ester 

l-Hydroxybenzotriazole hydrate (3.19 g, 20.8 mmol) and l-(3'- 
dimethylaminopropyl)-3-ethylcarbodiiinide hydrochloride (EDAC) (5.60 g, 29.2 miuol) were 
added to a stirred solution of N-carbobenzyloxycarbonyl valine (5.24 g, 20.8 mmol) in 
methylene chloride/dimethyl formamide (DMF) (60 ml/30 ml) at 0°C under nitrogen. After 
15 min, aspartic acid a-methyl, p-tert-butyl diester (5.00 g, 20.8 mmol) was added as a solid 
followed by neat 4-methylmorpholine (2.40 ml, 21.8 mmol). After stirring at OX for 1 
hour and at room temperature for 5 hours, the mixture was partitioned between ethyl acetate 
and 5% KHSO4 solution. The aqueous solution was back-extracted with ethyl acetate and 
the combined extracts were washed with saturated NaHCOj and brine, dried over sodium 
sulfate, and concentrated to give a solid. Trituration with ether afforded of N- 
[carbobenzyloxycarbonyl valinyl]aspaitic acid, a-methyl, p-tert-butyl diester as a white solid 
(8.36 g, 92%). TLQCHjCl^/MeOH, 95/5): = 0.48. 

A solution of the above product (4.00 g, 9.17 mmol) in 200 ml of methanol was 
stirred with palladium on activated carbon (0.45 g) under an atomosphere of hydrogen (1 
atm) for 50 min. The reaction mixture was then filtered through a pad of Celite and the 
filter cake was washed with methanol and methylene chloride. The filtrates were combined 
and concentrated, and the residue was chased with methylene chloride to give N- 
[valinyl]aspartic acid, a-methyl, p-tert-butyl diester a white solid (2.75 g, 99%). TLC 
(CHjCIj/MeOH, 95/5): Rf = 0.10. 

To a turbid mixture of the above product (2.75 g, 9.11 mmol) and 1,3- 
dimethylindole-2-carboxylic acid (1.95 g, 10.3 mmol) in DMF (30 ml) was added 4- 
dimethylaminopyridine (DMAP) (1.26 g. 10.3 mmol) and l-(3'-dimethyIaminopropyl)-3- 
ethylcarbodiimide hydrochloride (EDAC) (2.37 g, 12.4 nrunol). The reaction mixture was 
stirred under a nitrogen atmosphere at O'^C for 1 hour and at room temperature for 3 hours. 
The reaction mixture was then partitioned between ethyl acetate and 5% KHSO4 solution 
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and the aqueous solution was back-extracted with ethyl acetate. The combined extracts wwe 
washed with saturated NaHCOj solution, water, and brine, dried over sodium sulfate, and 
concentrated to give a solid. The solid was triturated with «her to give N-[(l,3-dimethyl- 
indole-2-carbonyl)valinyl]aspartic acid, a-methyl, p-tert-butyl diester as a white powder 
(2.87 g, 67%).. TLC (CHjajAdeOH. 95/5): Rf = 0.59. 

An aqueous solution of lithium hydroxide (1.0 M, 2.98 nU) was added dropwise to a 
suspension the above product (1.41 g, 2.98 mmol) in 1,4-dioxane (10 ml). After stirring at 
room temperature for 30 min, the resulting clear was acidified with 1 N hydrochloric acid 
solution and diluted with water. The resulting white precipitate was collected by suction 
filtration and washed successively with water and with a small amount of ether, aflbrding N- 
[(l,3-dimethyl-indole-2-carbonyl)-valinyl]aspartic acid, P-tert-butyl ester as a white powder 
(1.18 g, 86%). TLQCHjClj/MeOH, 90/10): Rf = 0.21. 

To a solution of the above product (1.03 g, 2.24 mmol) and 4-methylmorphorline 
(0.35 ml, 3.14 mmol) in THF (20 mL) at -10°C under nitrogen was added dropwise isobutyl 
chloroformate (0.380 ml, 2.92 mmol). The reaction mixture was stirred under nitrogen at 
-lO'C for 15 min and filtered. The filter cake was washed with dry THF and the filtrates 
were combined and cooled to O^C. The filtrates were then treated with a freshly prepared 
ether solution of diazomethane (excess). After the mixture was stirred at 0°C for 1 hour, a 
mixture of hydrobromic acid (48% wt. aq. solution) and acetic acid (6 ml, 1/1) was added 
dropwise till the gas evolution ceased. After another 5 min, the reaction mixture was 
concentrated and partitioned between ethyl acetate and water. The aqueous layer was back- 
extracted with ethyl acetate. The organic layers were combined, washed with water, 
saturated NaHCOj solution, and brine, dried over sodium sulfate, and concentrated. The 
residue was triturated with ether to give the title compound as a white powder (1.00 g, 
83%). TLC(CHjCljAleOH, 95/5): = 0.88. 



99 



wo 98/10778 



PCT/US97/ld369 



EXAMPLE 69 

N.fn.3.DimethYl-indole-2-c^rhonvlWal.iwn-V»n,ip ».^. f 2.fi .dichloroh«^ 

pentanoic a dd, t-butvl ester 

To a mixture of 2.6-dichloroben2oic acid (0.023 g. 0.12 mmol) and potassium 
fluoride (0.015 g, 0.25 mmol) at room temperature under nitrogen was added N.[(l,3. 
dimethyl-indole-2-carbonyl)valinyI]-3-amino-5-bromo-4H)xo-pentanoic acid, tert-buti^l ester 
(0.054 g, 0.10 mmol) in one portion. After stirring at room temperature for further 16 hrs, 
the mixture was partitioned between ethyl acetate and water. The organic layer was washed 
with water . saturated NaHCO, solution, and brine, dried over sodium sulfate, and 
concentrated. Trituration with ether gave the title compound as a white powder (0.051 g. 
79%). TLC(CH,CIj/MeOH, 95/5); R, = 0.88. 



EXAMPLE 70 • 

N-rN.fl,3.Dimethvl-indole-?-carhonvlVValinvn.^-.n,; n o.5.f2.6-d.rhlnrnhenzovn^^ 

pentanoic acid 

Trifluoroacetic acid (2 mL) was added to a stirred solution of N-(l,3-dimethyl- 

indoIe.2-carbonyl)-vaIinyI-3-aniino-5-(2,6-dichIorobenzoyl)oxy-4-oxo-pentanoicacid. t-butyl 
ester (0.0340 g, 0.0526 mmol) in methylene chloride containing anisole (0.2 mL). The 
reaction mixture was stirred at room temperature under nitrogen for half an hour and 
concentrated. The residue was azeotroped with methylene chloride and triturated with ether 
to give the title compound as a white powder (0.0270 g, 87%). TLC(CH,CIj/MeOH/AcOH, 
20/1/1): R, = 0.43. MS for Q, fj, Q 1^ Q . [MH]* 590/592. [MH]" 588/590. 

Following the methods set down in Examples 69-70, the following compounds were 
prepared: 
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EXAMPLE 71 

N-(1.3-Dimethvl-indole-2-carbonvl)-Valinvl-3-amino-S-f diDhenvlphosDhinvl )oxv-4-oxo- 

pentanoic acid 

24% yield; TLC(CH2CIj/MeOH/AcOH, 20/1/1): Rf= 0.31. MS for Qj Pl^ Q . [MHJ* 
618, [MH]-616. 

EXAMPLE 72 

N-fl.3-Di methvl-indole-2-carbonvlVValinvlO-amino-S-fl-phenvl-3-rtrifluorornethvnpvrazol- 

5-v])oxv-4-oxo-pentanoic acid 
49% yield; TLC(CHjCl/MeOH, 90/10): Rf= 0.29. MS for Q.I^jEiNsQ, [MH]* 628, 
[MH]- 626. 



EXAMPLE 73 

N-n.3-Dimethvl-indole-2-carfaonvl)-Valinvl-3-amino-5-G-fN-phenvnaminocarbonvl-2- 

naphthvnoxv-4-oxo-pentanoic acid 
68% yield; TLQCHjClj/MeOH, 80/20): = 0.46. MS for C3,H3,N407, [MH]* 663, [MHJ 
661. 



EXAMPLE 74 

N-( 1 .3-Dimethvl-indole-2-carbonvn-Valinvl-3 -aminc-S-f 2-aniinocarbonvl- 1 - 
phenvl')oxv-4-oxo-pentanoic acid 
61% yield; TLC(CHjClj/MeOH/HOAc, 8/1/1): = 0.32. MS for Q, h{ Q , [MH]' 537, 
[MH]- 535 
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EXAMPLE 75 

N.(l,3-DimethYl.indQle.2.carhonvlVValinvl-^.am;nn- 5 -rdimethvtnhncp f, jnvnoxv-^^ 

pentanoic acid 

76% yield; TLC(CH,Cl^eOH. 90/10): R, = 0.12. MS for Q, If, PhJ Q , [mH]* 494 
[MHJ- 492. 
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EXAMPLE 76 




(2S-cisVr S>Benzvloyvcar bonvlamino- 1 .2,4.5>6-7>Hexahvdro>4-QxoazeDinor3.2. 1 -hi1indole>2- 
CarbonvnaininoV4-OxQ- butanoic Acid tert^Butvl Ester Semicarbagone 

1. Preparation of f2S-ci s)-5-BenzvlQxvca^bonvlalnino>L2.4^5■6.7-Hexahvdro>4- 
Oxoa2eDin of3,2■l-hi^indole-2-CarbQxvlic Acid. Ethvl Ester 

To a solution of (2S-cis)-5-amino-l,2.4,5,6,7.hexahydro-4-oxoa2epino[3,2,l- 
hi]indole-2-carboxyIic acid, ethyl ester (0.437 g, 1.73 mmol, prepared as described in 
Tetrahedron Letters 36, pp. 1593-1596 (1995) and U.S. Patent 5,504,080 (April 2, 1996)) in 
methylene chloride (4 mL) stirring at O^C was added benzyl chloroformate (0.370 mL, 2.6 
mmol) and triethylamine (0.724 mL, 5.2 mmol) and the resulting mixture was stirred under 
nitrogen for 45 minutes. The reaction was quenched with water then partitioned benveen 
ethyl acetate and 5% aqueous potassium bisulfate solution. The aqueous layer was back- 
extracted two times with ethyl acetate, then the combined organic layers were washed with 
saturated sodium chloride solution, dried over sodium sulfate and evaporated to dryness. 
Purification of the crude product by flash chromatography on silica gel (S/P brand silica gel 
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60A, 230-400 mesh ASTM) eluting with ethyl acetate-hexane (2:1) gave 0.558 g (68%) of 
crude product. Trituration with ethyl acetate-hexane (1:4) gave 0.480 g of the title 
compound as white solid; m.p.: 139-140°C. TLC (ethyl acetate-hexane, 2:1): Rf=0.6; 'H- 
NMR (300 MHz. CDCl,): 5 7.35-7.30 (m. 5H). 7.02-6.94 (m. 3H), 6.17 (d. J=5.4 Hz. IH), 
4.15 (q. J=7.1 Hz, 2H). 3.46 (dd, J=l 1.0, 16.7 Hz, IH), 3.29 (ra, IH), 3.10 (d, J=l 16.5, 
2H). 2.35 (m, IH). 2.16 (m. IH), 1.23 (t, J=7.2 Hz, 3H). 

2. Preparation of (2S-ci sV5>Ben2vloxvcarbonvlamino-1.2.4.5.6.7-Hexahvdro-4. 
OxoazeDinor3.2.1 ■hi1indo le-2-CarbQxvltc AriH 

To a solution of (2S-cis)-5-benzyloxyca^bonylamino-l,2,4,5,6,7-hexahydro-4- 
oxoazepi^of3,2,l-hi]indole-2-carboxylic acid, ethyl ester, (0.428g, 1.05 mmol) in 1,4-dioxane 
(7.5 mL) and water (2.5 mL) was added IM aqueous lithium hydroxide (1.6 mL, 1.6 mmol) 
and the resulting mixture was stirred at room temperature under nitrogen for 30 minutes. 
The reaction mixture was acidified to pH 3 with a 5% aqueous potassium bisulfate sodium 
chloride solution. The aqueous layer was back-extracted two times with ethyl acetate, and 
the combined organic layers were dried over sodium sulfate and evaporated to dryness to 
yield 0.395 g (99%) of title compound as a fine white solid; m.p.: 188-189''C. TLC 
(methylene chloride-methanol-acetic acid, 9:1:1): Rf=0.55; 'H-NMR (300 MHz, CDCI3) 6 
7.34-7.26 (m. 5H). 7.07-6.97 (m, 3H). 6.08 (d, J=5.7 Hz, IH), 5.25 (dd, J=3.2, 9.8 Hz, IH), 
5.10 (s. 2H), 4.30 (m, IH), 3.36 (m, IH), 3.26 (m, 2H), 3.06 (d, J=12.0 Hz, IH). 2.36 (m, 
IH), 2.09 (m, IH). 

3. Preparation of N-fBenzvloxvcarbon vn-L-fN'-Methvl-N'-Methoxv^asnartamide B-ftert- 
Butvl Estftr) 

To a solution of N-(benzyloxycarbonyI)-L-a^artic acid-P-(tert-butyl)ester (14.65 g, 45.3 
mmol, Bachem) in CH^CU (150 mL) at OX (ice bath) under a nitrogen atmoq)here was 
added 1-hydroxybenzotriazoIe hydrate (7.29 g, 47.6 mmol, Aldrich) followed by l-elhyl-3- 
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(3',3'-dimethyl-r-aminopropyl)carbodiimide hydrochloride (9.55 g, 49,8 mmol, Sigma). 
After stirring at O^C for 15 min., N.O-dimethylhydroxylamine hydrochloride (5.10 g, 52.3 
mmol, Aldrich) and N-methylmorpholine (5.8 mL, 53 mmol, Aldrich) were added. The 
mixture was allowed to warm to room temperature over 3 hours then stirred at room 
temperature for 16 hours. The solution was concentrated under vacuum and the residue 
partitioned between ethyl acetate-5% KHSO4 (200 mL each). The organic phase was 
washed in turn with 5% KHSO4 saturated sodium bicarbonate and saturated sodium chloride 
solutions; dried over anhydrous sodium sulfate and evaporated to an oil. The oil was 
crystallized from hexane to give the title product (16.10 g, 97% yield) as a fluffy white 
crystalline solid. TLC (ethyl acetate), single spot (UV and PMA): Rf=0.37. 

A similar procedure to the one above, starting with 29.3 g of N- 
(ben2y!oxycarbonyI)-L-aspartic acid-p-(tert-butyl)ester (2-fold scale up) gave 31.18 g (94% 
yield) of the title product. 

4. Preparation of N-fBenzvloxvcarbonvD-L-Aspartic Acid Semicarbazone P-(tert-Butvl^Ester 

To a solution of N-(benzyloxycarbonyl)-L-(N'-methyl-N'- 
methoxy)aspartamide p-(tert-butyl ester) (15.50 g, 42.3 mmol) in anhydrous ether (400 mL) 
at OX (ice bath) under a nitrogen atmosphere was added dropwise to a 1.0 M solution of 
LiAlH^ in ether (22.0 mL, 22.0 mmol, Aldrich) at such a rate as to keep the reaction solution 
temperature between O-S'^C (addition time 15-20 min). After the addition of the lithium 
aluminum hydride reagent was complete, the mixture was stirred at O-S^C for 1 hr, then 
quenched by the dropwise addition of 0.3 N KHSO4 solution (100 mL). The resultant 
mixture was transferred to a separatory funnel adding sufficient 5% KHSO4 solution (75 
mL) to dissolve the solids. The organic phase was separated and the combined aqueous 
washes back-extracted with ether (100 mL). The combined ether extracts were washed with 
saturated NaCl solution, dried over anhydrous sodium sulfate and concentrated in vacuo 
with minimal heating. TLC (ethyl acetate): streaky spot (UV and PMA) Rf=0.48. TLC 
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(methanol/methylene chloride, 1:9) major qjot (UV and PMA): Rf=0.75. 

The crude aldehyde was immediately taken up in aqueous ethanol (45 mL 
wata-/105 mL alcohol), placed in an ice bath and treated with sodium acetate (3.82 g, 46.6 
mmol) and semicarbazide hydrochloride (5.20 g. 46.6 nunol, Aldrich). The mixture was 
5 stilted at 0°C (ice bath) under a nitrogen atmosphere for 3 hrs, allowed to warm to room 

temperature, and stirred overnight (16 hrs). Most of the ethanol was removed under vacuum 
and the residue partitioned between ethyl acetate and water (100 mL each). The organic 
phase was washed sequentially with 5% KHSO^, saturated sodium bicarbonate and saturated 
sodium chloride solutions; dried ova- anhydrous sodium sulfate and evaporated to dryness. 

10 The crude product of this reaction was combined with that of two similar procedures starting 

with 15.40 g and 4.625 g of N-(benzyloxycarbonyI)-L-(N'-methyl-N'-methoxy)aspartamide 
b-(tert-butyl ester) (total: 35.525 g. 97 mmol) and these combined products were purified 
by flash chromotagraphy on silica gel eluting with acetone/methylene chloride (3:7) then 
methanol-acetone-methylene chloride (0.5:3:7) to give pure title product (27.73 g, 78.5%) as 

15 a coloriess foam. TLC (MeOH-CH^Clj, 1:9): single spot (UV and PMA). Rf=0.51. 

5. Preparation of L-Aspartic Acid Se micarfaazone P-aert-Butvn Ester. n-ToluenesuIfonate 
Salt 

To a solution of N-(benzyloxycarbonyl)-L-aspartic acid semicarbazone p-(tert- 
butyOester (13.84 g, 38.0 mmol) in absolute ethanol (250 mL) was added 10% Pd/C (1.50 g, 
Aldrich) and the resulting mixture stirred under an atmosphere of hydrogen (balloon) until 
TLC (methanol/methylene chloride, 1:9) indicated complete consumption of the starting 
material (60 min). Note: It is important to follow this reaction closely since the product 
can be over-reduced. The mixture was filtered though Celite and evaporated to an oil. The 
oil was chased with methylene chloride (2 x 75mL) then with methylene chloride/toluene 
(1:1, 75 mL) to give the crude amine as a white crystalline solid. TLC (EtOAc-pyridine- 
AcOH-HjO; 60:20:5:10) single spot (UV and PMA) Rf=0.24. Note: In this TLC system, 
any over-reduced product will show up immediately below the desired product, Rf=0.18 

106 



20 



25 



wo 98/10778 



PCT/US97/16369 



(PMA only). 

The crude amine was taken up in CH3CN (60 mL) and treated with a solution 
of p-toluenesulfonic acid monohydrate (7.22 g, 38.0 mmol) in acetonitrile (60 mL). The 
crystalline precipitate was collected, washed with acetonitrile and ether, and air-dried to give 
the title compound (13.95 g, 92% yield) as a white, crystalline sohd. 

The optical purity of this material was checked by conversion to the 
corresponding Mosher amide [1.05 equiv (/f)-(-)-a-niethoxy-a-(trifluoromethyl)phcnyIacetyI 
chloride, 2.1 equivalents of i-Pr2NEt in CHjCHj, room temperature, 30 min]. The desired 
product has a doublet at 7.13 ppm (IH. d, J=2.4 Hz, CH=N) while the corresponding signal 
for its diastereomer is at 7.07 ppm. The optical purity of the title compound obtained from 
the above procedure is typically > 95:5. 

6. f 2S'>cis>-f 5-Benzvloxvcarbonvlamino-L2.4.5.6.7-Hexahvdro-4-OxoazeDinor3.2. 1 -hilindole- 
2-Carbonvnamino1-4-OxO"butanoic Acid tert-Butvl Ester Semicarbazone 

To a solution of (2S-cis)-5-ben2yIoxycarbonylamino-l,2,4,5,6,7-hexahydro-4- 
oxoa2q)ino[3,2.1-hi]indole-2-carboxylic acid (0.375 g, 0.989 mmol) in methylene chloride (7 
mL) stirring at 0°C under nitrogen was added 1 -hydroxybenzotriazole hydrate (0.182 g, 1.19 
mmol) and l-ethyl-3-(3\3'-dimethyl-r-aminopropyI)carbodiimide hydrochloride (0.284 g, 
1.48 mmol). After 15 minutes L-aspartic acid semicarbazone b-(tert-butyl) ester, p- 
toluenesulfonate salt(0.386 g, 0.989 mmol) and N-melhylmorpholine (0.163 mL, 1.48 mmol) 
were added and the resultant reaction mixture allowed to come to room temperature within 1 
hour. After stirring overnight, the reaction mixture was diluted with ethyl acetate and 
washed successively with 5% potassium bisulfate and saturated sodium chloride solutions; 
dried over sodium sulfate and evs^rated to dryness. Purification of the crude product by 
flash chromatography on silica gel (S/P brand silica gel 6OA, 230-400 mesh ASTM) eluting 
with 2% methanol-methylene chloride gave 0.463 g (79%) of the title compound as a white 
foam. TLC (methylene chloride-methanol, 9:1): Rf=0.5. 'H-NMR (300 MHz, CDCI3): 6 
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8.42 (S.1H). 7.82 (d, J=8.1 Hz, IH). 7.32 (m. 5H), 7.07 (m. 3H). 5.94 (d. J=6.3 Hz, IH), 
5.26 (d. J=9 Hz. IH). 5.10 (s. 2H). 4.82 (m. IH). 4.35 (m. IH), 3.56 (d. >18 Hz. IH). 3.27 
(m. 2H). 3.07 (in. IH), 2.64 (dd. J=4.7, 15.8 Hz, IH), 2.44 (dd. J=6.6. 15.9 Hz, 2H). 2.22 
(in. IH), 1.30 (s. 9H). Mass spectrum: m/z 593 (M+H). 
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EXAMPLE 77 




(2-cis)45-Benzvloxvcarbonvlamino-1.2.4 S .6.7-hexadvdro.4-oxoa2eninnf3.2.1-hi1in^^ 
carbonvn-a inino1-4-oxo-butanoic acid semicerbaTone 

To a solution of (2S-cis)-[5-benzyloxycaibonylamino-l,2,4,5,6,7-bexahydro-4- 
oxoa2epino[3,2,l-hi]indoIe-2-carbonyl)aniino]-4.oxo-butanoic acid tert-butyl ester 
semicarbazone (0.214 g, 0.362 mmol) in methylene chloride (1.5 mL) was added anisole 
(0.5 mL, 4.34 mmol) followed by trifluoroaceUc acid (0.75 mL). After stirring at room 
temperature under nitrogen for 2 hours the reaction mixture was diluted with methylene 
chloride and evaporated, then chased twice with methylene chloride to give the title 
compound (0.195 g). TLC (methylene chloride-methanol. 95;5), Rf=0.2. 'H-NMR (300 
MHz, CDCl,) 6 9.77 (bs. IH). 8.32 (d, J=12 Hz, IH), 8.12 (d, 1-7.8 Hz. IH), 7.31-7.27 (m. 
5H) 7.13-7.04 (m, 3H), 6.64 (m, IH) 5.32 (d, J-9.9 Hz, IH), 5.12 (s, 2H), 4.86 (m, IH), 
4.41 (m, IH), 3.56 (d. J=15 Hz, IH), 3.25 (m. 2H). 3.10 (ra, 2H). 2.64 (m. 2H). 2.28 (m. 
2H). 
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EXAMPLE 78 



O 

A 

^ OH 



f2S-cisV5>fBenzvloxvcarbonvlamino-K2>4,5.6.7-hexahvdro-4-oxoazepinor3>2. 1 -hi1indole>2- 

carbonvlVamino1-4^xQ>butanoic acid 

(2-cis)-[5-Benzyloxycarbonylainino- 1 ,2,4,5,6,7-hexadydro-4«oxoazepino[3,2, 1- 
hi]indole-2-carbonyl)-ainino]-4-oxo-butanoic acid semicarbazone (0.195 g, 0.36 mmol) was 
treated with a 3:1:1 solution of methanol-acetic acid-37% foraialdehyde (2 mL) and the 
resulting mixture stirred under nitrogen for 1.5 hours. The reaction mixture was diluted 
with water, methanol removed by evaporation, then the remaining mixture lyophilized. 
Purification of the crude product by flash chromatography on reverse phase gel (MCI gel, 
CHP-20P, 75-150 micron)eluting with a 10%-80% methanol-water gradient gave 0.073 g, 
(42%) of the title compound as a white solid after lyophilization; m.p. 101-104°C. TLC 
(methylene chloride-methanol-acetic acid, 97:2.5:0.5) RjN).45. 'H-NMR (300 MHz, CDCI3) 
6 7,45 (m. IH), 7.30 (s, 5H), 7.07 (d, J=3.3 Hz. IH), 7.00 (d. J=4.8 Hz, 2H), 6.12 (m, IH), 
5.17 (d, J=9.6 Hz, IH), 5.07 (s, 2H). 4.49 (m, IH). 4.28 (m, IH), 3.46 (d, J=9.9 Hz, IH), 
3.30-3.12 (m, 2H), 3.04-2.99 (m, IH), 2.83-2.76 (m, IH), 2.46-2.33 (m. 2H), 2.03 (bs, IH). 
Mass spectrum: m/z 480 (M+H). 
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EXAMPLE 79 




(2S-cis)45-Ajnino-l J. 3.45,6J-hexahvdro-4-oxoa2eDmof3.2J-hi1m^ 

4>oxo>butanoic acid tert-butvl ester semicarbazone 

10% Palladiimi on carbon (0.180 g) was added to a solution of (2S-cis)-[5- 
benzyloxycarbonylamino-l,2,3,4,5,6J.hexahydro.4-oxoa2epino[3,2,l"hi]indole-2"C^^ 
aniino]-4-oxo-butanoic acid tert-butyl ester semicarbazone (0.308 g, 0.520 mmol) in 
methanol (27 mL) and the resulting mixture was hydrogenated using a balloon of hydrogen 
(1 atm, R.T.) for 18 hours. The mixture was filtered through Celite, evaporated to dryness, 
then chased two times with toluene to give the title compound as an off-white solid (0.215 
g). TLC (methylene chloride-methanol, 9:1) RfK).15. *H-NMR (300 MHz, CDCI3) 6 8.53 
(s. IH), 7.89 (d, J=7.6 Hz, IH), 7.13 (m, 3H). 5.21 (dd, J=2.3, 10.14 Hz, IH), 4.82 (m, IH), 
3.52 (m, IH), 3.24 (dd, J=10.3. 16.3 Hz, IH). 3.03 (m, 2H), 2.62 & 2.42 (AB, dd, J=4.2, 
7.1, 15.7 Hz, 2H), 2.19 (m, IH). 1.32 (s. 9H). 
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f2S>cis)>r5>fN>Acet vl-rSVasDartvl-b-tert-butvl estertamino>L2>3.4.5.6.7-hexahvdro-4>. 
oxoa2eDinor3.2,l> hi1indole-2-carbonvn-aniinoV4->oxo>butanoic acid tert-butvl ester 

semicarbazone 

To a solution of N-acetyl aspartic acid, p-tert-butyl ester (0.120 g, 0.517 mmo]) in 
methylene chloride (1.5 mL) stirring at 0°C under nitrogen was added 1- 
hydroxybenzotriazole hydrate (0.086 g, 0.564 mmol) and l-(3-dimethylaminopropyl)-3. 
ethylcarbodiimide hydrochloride (0.135 g, 0.705 nunol). After 15 minutes, a solution of 

(2S-cis)-[5-aniino-l,2,3.4,5,6,7-hexahydro-4-oxoa2epino[3,2,l-hi]indole-2-carbon^^^ 
4-oxo-butanoic acid tert-butyl ester semicarbazone (0.213 g, 0.47 mmol) in methylene 
chloride (2 mL) was added and the reaction was allowed to come to room temperature over 
1 hour. After sturing overnight, the reaction mixture was diluted with ethyl acetate and 
washed successively with 5% potassium bisulfate and saturated sodium chloride solutions; 
dried (sodium sulfate) and evaporated to dryness. Purification of the crude product by flash 
chromatography on silica gel (S/P brand silica gel 60A, 230-400 mesh ASTM) eluting with 
5% then 10% methanol-methylene chloride gave 0.126 g (41%) of the title compound as a 
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white solid. TLC (methylene chloride-methanol, 9:1) Rf=0.4. 'H-NMR (300 MHz, CDCI3) 6 
9.63 (s, IH), 8.32 (d, J=7.8 Hz, IH), 7.82 (d, J-.6.6 Hz, IH). 7.53 (d. J=4.8 Hz, IH), 7.09 
(m, IH), 7.00 (m. 2H). 5,18 (d, J= 8.1 Hz, IH). 4.86 (m, IH), 4.39 (m, IH), 3.01 (m, IH), 
2.92 (dd, J= 4.2, 14.7 Hz, IH) 2.68 (d, J=12.3 Hz, IH), 2.52 (m, 2H), 2.51 (m, 2H). 2.03 
5 (s,3H), 1.39 (s,.9H), 1.24 (s, 9H). 




f2S-cisVrS>nsl-Acetvl-fSVaSDartvnamino-L2.3.4.5.5.7>hexahvdro-4-oxoa2e^ 
hilindole>2«carbonvlVaminol-4K)xo-butanoic acid semicarfaazone 

10 To a solution of (2S-cis)-[5-(N-acetyl-(S)-aspartyl-b-tert-butyl ester)amino- 

1 ,2,3,4,5,6,7-hexahydro-4-oxoazepino[3,2, 1 -hi]indole-2-carbonyl)-amino]-4-oxo-butanoic acid 
tert-butyl ester semicarbazone (0.117 g, 0.178 mmol) in methylene chloride (1 mL) was 
added anisole (0.5 mL) followed by trifluoroacetic acid (1 mL). After stirring at room 
temperature under nitrogen for 2 hours, the reaction mixtiu-e was diluted with methylene 

15 chloride and evaporated, then chased twice with methylene chloride to give the title 

compound (0.099 g). TLC (methylene chloride-methanol-acetic acid, 13:6:1 ) Rf=0.2. Mass 
spectrum: m/z 560 (M+H). 
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f2S-cis)-f5-(N-Acetvl-<'SVasDartvl)aTniT. o.l .2.3.4.5.fi.7.hexahvdro-4-nxoazepinnfl, T , 1 . 
h':'"idole-2-c arbonvlVamino1-4-oxo-butanoic acid 

(2S-cis)-[5-(N.Acetyl.(S)-aspartyl)amino.l,2,3.4,5,6,7-hexahydro-4-oxoazepino[3,2.1- 
hi]indole-2-carbonyl)-amino]-4-oxo.butanoic acid semicarbazone (0.097 g, 0.177 mmoJ). was 
treated with a 3:1:1 solution of methsrol-acetic acid-37% fonnaldehyde (2 mL) and the 
resulting mixture stirred under nitrogen for 1.5 hours. The reaction mixture was then diluted 
with water, methanol removed by evaporation, then the remaining mixture lyophilized. 
Purification of the crude product by flash chromatography on reverse phase gel (MCI gel, 
CHP-20P, 75-150 micron) eluting with a 10%-80% methanol-water gradient gave O.OSQg 
(56%) of the title compound as a white solid after lyophilization; m.p. leO-HS^C (dec). 
TLC (methylene chloride-methanol-acetic acid, 13:6:1) Rf=0.3. Mass spectrum: m/z 503 
(M+H). 
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f2S-cisVfS-Succinvlamino«h2J.4.S.6.7-hexahvdro-4-oxoa2epinor3.2J>hi1indole-2'ca^ 
aminoV4-oxo-butanoic acid tert-butvl ester semicarbazone 

To a solution of (2S-cis)-[5-ainino-l,2,3,4,5,6,7-hexahydro-4-oxoazepino[3,2,l- 
hi]indole-2-carbonyl)-ainino]-4-oxo-butanoic acid tert-butyl ester semicarbazone (0.197 g, 
0.435 mmol) in methylene chloride (6 mL) stirring at 0°C under nitrogen was added 
succinic anhydride (0.057 g, 0.566 mmol), followed by pyridine (0.052 niL, 0.653 mmol). 
After stirring at room temperature under nitrogen for 3 hours, the reaction mixture was 
diluted with ethyl acetate and washed successively with 5% potassium bisulfate and saturated 
sodium chloride solutions; dried (sodium sulfate) and evaporated to dryness. Purification of 
the crude product by flash chromatography on silica gel (S/P brand silica gel 60A, 230-400 
mesh ASTM) eluting with 10% methanol-methylene chloride then 80:19:1 methylene 
chloride-methanol-acetic acid gave 0.216 g (88%) of the title compound as a white solid. 
TLC (methylene chloride-methanol-acetic acid, 8:1:1) Rf=0.5. Mass spectrum: m/z 557 (M- 
H). 
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EXAMPLE 84 




f2S-cis)-r5-.Succinvlamino.1 .? 1 4 5 6.7-hexahvHro-4.. x oa2en.nnr^ ? ».hi1 indole.7.r.rK»nY'>- 

amino1-4-oxQ-hufa noic acid semicarbarone 

To a solution of (2S-cis)-[5-succinyIamino-l,2,3,4,5.6,7-hexahydro-4- 
evoazcp.no[3,2,l-hi]ir.do]e-2-carbonyl)-amino]-4-oxo-butanoic acid tert-butyl ester 
semicarbazone (0.191g, 0.342 ramol) in methylene chloride (1 mL) was added t ....i (0.5 
~L) followed by trifluoroacetic acid (1 mL). After stiiring at room temperature under 
nitrogen for 2 hours, the reaction mixture was diluted with methylene chloride and 
evaporated, then chased twice with methylene chloride to give the title compound (0.210 g). 
TLC (methylene chloride-methanol-acetic acid, 8:1:1) RfK).4. Mass spectnmi: m/z 503 
(M+H). 
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EXAMPLE 85 




f2S-cisVf5-Succinvlamino-l .2>3.4.S.6.7-hexahvdro-4-oxoa2epinor3.2. 1 -hilindole-2-carbonvlV 

amino1-4>oxo-butanoic acid 

(2S-cis)-[5-Succinylamino-l,23,4,5,6,7-hexahydro-4-oxoazepino[3,2J-hi]indole-2- 
carbonyl)-amino]-4-oxo-butanoic acid semicarbazone (0.208 g, ca. 0.342 mmol), was treated 
with a 3:1:1 solution of methanol-acetic acid-37% formaldehyde (3 mL), and the resulting 
mixti)re stirred under nitrogen for 1.5 hours. The reaction mixture was then diluted with 
water, methanol removed by evaporation, then the remaining mixture lyophilized. 
Purification of the crude product by flash chromatography on reverse phase gel (MCI gel, 
CHP-20P, 75-150 micron) eluting with a 10%-80% methanol-water gradient gave 0.064 g 
(42%) of the title compound as a white solid after lyophilization; m.p. 145-160^C (dec). 
TLC (methylene chloride-methanol-acetic acid, 8:1:1) Rf=0.45. Mass spectrum: m/z 446 
(M+H). 
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f2S-cis)45-nN?-Ben7vloxvcarbnnvl-(<! VasDartvl-h-ten-butvlester^amino-1.2^4 ,s,A 
hexahvdro-4-oxoazepinof3.2.1-hi1indole.2.caAn n vlVaminol.4-mfo.butanni,- - -.rt-butvl 

ester semicarbazone 

To a solution of N-benzyloxycarbonyl-(S)-aspartyl-p.tert-butyI ester (0.169 g, 0.521 
mmol) in methylene chloride (1.5 mL) stimng at 0»C under nitrogen was added 1- 
hydroxybenzotriazole hydrate (0.087 g, 0.569 mmol) and l-(3-dimethylarainopropyl)-3- 
ethylcarbodiimide hydrochloride (0.136 g, 0.711 mmol). After 15 minutes, a solution of 

(2S-cis).(5-araino-l,2,3,4,5,6,7-hexahydro.4-oxoazepino[3,2,l-hi]indole.2-carbonyl)-aminoJ- 
4-oxo-butanoic acid tert-butyl ester semicarbazone (0.217 g, 0.474 mmol) in methylene 
chloride (2 mL) was added and the reaction was allowed to c6me to room temperature 
within 1 hour. After stirring overnight, the reaction mixture was diluted with ethyl acetate 
and washed successively with 5% potassium bisulfate and saturated sodium chloride 
solutions; dried (sodium sulfate) and evaporated to dryness. Purification of the crude 
product by flash chromatography on silica gel (S/P brand silica gel 60A, 230-400 mesh 
ASTM) eluting with 2% then 5% methanol-methylene chloride gave 0.244 g (67%) of the 
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title compound as an off-white solid. TLC (methylene chloride-methanol, 9:1) RM).55. *H- 
NMR (300 MHz, CDCI3) 6 9.13 (s, IH), 7.85 (d, J= 6 Hz, IH), 7.56 (d, J= 5.7 Hz, IH) 
7.23 (m, 5H), 7.08 (m, IH), 7.00 (m, 2H), 5.13 (m, 3H) 4J7 (m, IH), 4.62 (m, IH), 4.43 
(m, IH), 3.60 (d, J= 16 Hz, IH), 3.22 (m, 2H), 2.98 (m, IH), 2.83 (d, > 15.3 Hz, 1H),2,65 
& 2.36 (AB, dd, J= 4.2, 7.7, 16.9 Hz, 2H), 2.42 (m,lH), 2.10 (m, IH), 1.35 (s. 9H), 1.24 (s, 
9H). 



EXAMPLE 87 




f2S-cisVf5>fN-Benzvloxvcarbonvl>fSVaspartvnamino-1.2.3.4,5.6.7-hexahvdrO'4- 
oxoazepinof3.2.1-hilindole-2-carbonvlVamino1-4-oxo-butanoic acid semicarbazone 

To a solution of (2S-cis)-[5-(N-Benzyloxycarbonyl"(S)-aspartyl-b-tert-butyI 
ester)anuno- 1,2,3 ,4,5,6,7-hexahydro-4-oxoazepino[3,2,l-hi]indole-2-carbonyl)-amino]-4-oxo- 
butanoic acid tert-butyl ester semicarbazone (0.217 g, 0.289 mmol) in methylene chloride (1 
nxL) was added anisole (0.5 mL) followed by trifluoroacetic acid (1 mL). After stirring at 
room temperature under nitrogen for 3 hours, the reaction mixture was diluted with 
methylene chloride and evaporated, then chased twice with methylene chloride to give the 
title compound (0.193 g). TLC (methylene chloride-methanol, 9:1) Rf=0.35. Mass 
spectrum: m/z 652 (M+H). 
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EXAMPLE 88 



CbzNH 




(2S-cis)4S-O^J- Ben2vloxvcarbonvl-rSVasDartvnamino-L2J,4.5.6.7>hexahvdro>4- 
oxoazeDinor3,2. 1 '•hi1indole-2-carbonvn'amino1-4«oxo*butanoic acid 

(2S-cis)-[5-(N-Benzyloxycarbonyl-(S)-aspartyl)amino-l,2,3,4,5,67.hex^^ 
oxoa2epino[3,2,l-hi]indole-2-carbonyl)-amino]-4-oxo-butanoic acid semicarbazone (0.191 g, 
0.29 nunol), was treated with a 3:1:1 solution of methanol-acetic acid-37% formaldehyde (2 
mL) and the resulting mixture stirred under nitrogen for 2 hours. The reaction mixture was 
then diluted with water, methanol removed by evaporation, then the remaining mixture 
lyophilized. Purification of the crude product by flash chromatography on reverse phase gel 
(MCI gel, CHP-20P, 75-150 micron) eluting with a 10%-80% methanol-water gradient gave 
0.111 g. (64%) of the title compound as a white solid after lyophilization; m.p. 140-144X 
(dec). TLC (methylene chloride-methanol, 9:1) Rf=0.4. Mass spectrum: m/z 593 (M-H). 
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EXAMPLE 89 




f 2S«cisVf S-DihvdrocinnamvlaniiTio- 1 .2-3>4,S,6J-hexahvdro>4-oxoazepinof 3,2> 1 -hi1indole.2- 
carbonvlVamino1-4-oxo-butanoic acid tert-butvl ester semicarbazone 

To a solution of dihydrocinnamic acid (0.169 g, 0.521 mmol) in methylene chloride 
(1.5 mL) stirring at O^^C under nitrogen was added 1-hydroxybenzotriazole hydrate (0.088 g, 
0.576 mmol) and l-(3-dimethylaminopropyI)-3-ethylcarbodiimide hydrochloride (0.127 g, 
0.665 mmol). After 15 minutes, a solution of (2S-cis)-[5-amino-l,2,3,4,5,6,7-hexahydro-4- 
oxoazepino[3,2,l-hi]indole-2-carbonyl)"amino]-4-oxo-butanoic acid tert-butyl ester 
semicarbazone (0.203 g, 0.443 mmol) in methylene chloride (2 mL), was added and the 
reaction was allowed to come to room temperature within 1 hour. After stirring overnight, 
the reaction mixture was diluted with ethyl acetate and washed successively with 5% 
potassium bisulfate and saturated sodium chloride solutions; dried (sodium sulfate) and 
evaporated to dryness. Purification of the crude product by flash chromatography on silica 
gel (S/P brand silica gel 60A, 230-400 mesh ASTM) eluting with 2 then 5% methanol- 
methylene chloride gave 0.208 g (79%) of the title compound as an off-white solid. TLC 
(methylene chloride-methanol, 9:1) Rf=0.7. 'H-NMR (300 MHz, CDCI3) 6 8.82 (s, IH), 7.72 
(d, J= 8.1 Hz, IH), 7.19 (m, 5H), 7.06 (m, IH), 7.01 (m, 2H), 6.76 (d. J=63. IH), 5.23 (d, 
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J= 8.4 Hz, IHO. 4.84 (m,lH), 4.50 (m, IH), 3.48 (m, IH), 3.26 (m, 2H), 3.05 (m, IH), 2.94 
(m, 2H), 2.53 (m,4H), 2.28 (m, IH), 2.06 (m, IH), 1.29 (s. 9H). Mass spectrum: m/z 591 
(M+H). 



EXAMPLE 90 




(2S>cisVrS-DihvdrocinnamvlaminQ- 1.23,4.5.6.7>hexahvdro-4>oxoazepinQ[3.2.1-h^ 
carbonvlV aminoV4-oxo-butanoic acid scmicarbazone 

To a solution of (2S-cis)-[5-dihydrocinnamylamino-l,2,3,4,5,6,7-hexahydro-4- 
oxoazepino[3,2,l-hi]indole-2-carbonyl)-ainino]-4-oxo-butanoic acid tert-butyl ester 
semicarbazone (0.189 g, 0.320 mmol) in methylene chloride (1 mL) was added anisole (0.5 
mL) followed by trifluoroacetic acid (1 mL). After stirring at room temperature under 
nitrogen for 3 hours, the reaction mixture was diluted with methylene chloride and 
evaporated, then chased twice with methylene chloride to give the title compound (0.183 g). 
TLC(methylene chloride-methanol, 9:1) Rf=0.25. Mass spectrum: m/z 535 (M+H). 
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EXAMPI^E 91 




f 2S'CisVf S-Dihvdrocinnamvlamino- 1 .2,3.4.S,6.7>hexahvdro-4-oxoa2q>inor 3.2, 1 ~hi]indole-2- 

carbonvn'amino1-4-oxo-butanoic acid 

(2S-cis)-[5-Dihydrocinnamylammo- 1 ,2,3 A5,6 J-hexahydro-4-oxoazepino[3,2, 1 - 
hi]indole-2-carbonyl)-anuno]-4-oxo-butanoic acid semicarbazone (0.181 g, ca. 0.320 mmol), 
was treated with a 3:1:1 solution of methanol-acetic acid-37% formaldehyde (2 mL) and the 
resulting mixture stirred under nitrogen for 4 hours. The reaction mixture was then diluted 
with water, methanol removed by evaporation, then the remaining mixture lyophilized. 
Purification of the crude product by flash chromatography on reverse phase gel (MCI gel, 
CHP-20P, 75-150 micron) eluting with a 10%-80% methanol-water gradient gave 0.075 g 
(47%) of the title compound as a white solid after lyophilization; m.p. 78-8 1**C. TLC 
(methylene chloride-methanol, 9:1) RiN).45. "H-NMR (300 MHz, DMSO d6): 6 8.58 (m, 
IH), 8.30 (d. J= 7.5 Hz, IH), 7.24 (m, 5H), 7.08 (m. 2H), 6.99 (m,lH). 5.04 (d, J=9.3 Hz, 
IH), 4.39 (m, IH), 4.19 (m, IH), 3.46 (m, IH), 3.05 (m, 2H), 2.93 (d, J= 16.8 Hz, 2H), 
2.83 (m, 2H), 2.00 (d, J= 5.1 Hz, 2H). Mass spectrum: m/z 478 (M+H). 
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EXAMPLE 92 




r2S-cis)-fS.Acetvlamino.l.2.3 4 5 6.7-hexahvdm-4^ x oazeninofTO ^-h^^indole-%r.r^,»nvlV 
amino1-4-Qxo-hiifan oic acid tert-hutvl ester senMcarba7.nnft 

To a solution of (2S-cis)-[5-amino-l,2.3.4.5,6,7-hexahydro-4-oxoa2cpino[3,2.1- 
hi]indole-2-carbonyl)-aimno]-4-oxo-butanoic acid tert-butyl ester semicarbazone (0.222 g, 
0.490 mmol) in pyridine (3 mL) at room temperature under nitrogen was added acetic 
anhydride (0.07 mL. 0.735 mmol). After stirring overnight, the reaction mixture was diluted 
with methylene chloride and evaporated to give a foam. This was taken up in ethyl acetate 
and washed successively with 5% potassium bisulfate and saturated sodium chloride 
solutions; dried (sodium sulfate) and evaporated to dryness to give 0.130 g (53%) of the title 
compound as an off-white solid. TLC (methylene chloride-methanol, 9:1) RH).55. 'H- 
NMR.(300 MHz. CDCl,): 6 8.75 (s. IH). 7.75 (d. J= 8.4 Hz, IH). 7.08 (m. IH). 7.01 (m. 
2H). 6.87 (d. J=6.3 Hz. IH). 5.25 (d, J= 8.1 Hz. IH), 4.84 (m, IH). 4.52 (m. IH). 3.50 (m, 
IH). 3.28 (m. 2H), 3.02 (m. IH). 2.55 & 2.46 (AB. dd. J= 4.2. 7.1. 15.7 Hz. 2H). 2.36 (m.' 
IH). 2.18 (m. IH), 2.02 (s, 3H), 1.31 (s. 9H). 
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EXAMPLE 93 




(2S-cisVf5-Acetvlamino-l,2J.4.S.6.7-hexahvdro-4-oxoazcpinor3.2J-hi1indole-2'CarbonvlV 
ainino1'4-oxo-butanoic acid semicarbazone 

To a solution of (2S-cis)-[5-acetylainino-l,2,3,4,5,6,7-hexahydro-4-oxoa2cpino[3,2,l- 
hi]indole-2-carbonyI)-amino]-4-o:co-butanoic acid tert-butyl ester semicarbazone (0.112 g, 
0.224 mmol) in methylene chloride (1 mL) was added anisole (0.5 mL) followed by 
trifluoroacetic acid (1 mL). After stirring at room temperature under nitrogen for 2.5 hours, 
the reaction mixture was diluted with methylene chloride and evaporated, then chased twice 
with methylene chloride to give the title compound (0.117 g). TLC (methylene chloride- 
methanol, 9:1) Rf=0.15. Mass spectrum: miz 445 (M+H). 
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EXAMPLE 94 



10 




(2S-cisHg-Acetvlan,in9-1.2,3 4 5 6 7.hexahvdrn^.vn»..p nor3.21.hn,nH.i,_o....u^,..l^ 

ainino1-4-ox 9.butanoic aci^ 



(2S-cis)-[5-Ac«ylamino-l,2.3A5.67-hexahydro-4-oxoazepino[3.2,l-^^ 
carbonyl).amino]^-oxo-butanoic acid scmicarbazone (0.115 g, ca. 0.224 mmol) was treated 

with a 3:1:1 solution of hanol-acetic acid-37% fomaldchyde (2 mL) and the resulting 

mixture stirred under nitrogen for 5 hours. The reaction mixture was diluted with water, 
methanol removed by evaporation, then the remaining mixture lyophilized. Purification of 
the crude product by flash chromatography on reverse phase gel (MCI gel. CHP-20P. 75-150 
micron) eluting with a 10%.80% methanol-water gradient gave 0.044 g (51%) of the title 
compound as a white solid after lyophilization; m.p. 210-215»C (dec). TLC (methylene 
chloride-methanol-acetic acid. 44:5:1) RfK).45. Mass spectnim: m/z 388 (M+H). 
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EXAMPLE 95 




f2S-cisVf5-fl-NaDhthov namino>l,2.3AS,6J-hexahvdro-4-oxoazeDinor3.2.1>h^ 
carbonvn-amino1>4-oxo-butanoic acid tert-butvl ester semicarbazone 

To a solution of 1 -naphthoic acid (0.072 g, 0.417 mmol) in methylene chloride (1.5 
mL) stirring at O^^C under nitrogen was added l-hydroxybenzotriazole hydrate (0.077 g, 
0.501 mmol.) and l-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (0.120 g, 
0.626 mmol). After 15 minutes, a solution of (2S-cis)-[5-amino- 1,2,3,4,5, 6,7-hexahydro-4- 
oxoazepino[3,2,l-hi]indole-2-carbonyl)-amino]-4-oxo-butanoic acid tert-butyl ester 
semicarbazone (0.189 g, 0.147 mmol) in methylene chloride (2 mL), was added and the 
reaction was allowed to come to room temperature within 1 hour. After stirring a total of 5 
hours, the reaction mixture was diluted with ethyl acetate and washed successively with 5% 
potassium bisulfate and saturated sodium chloride solutions, dried (sodium sulfate) and 
evaporated to dryness. Purification of the crude product by flash chromatography on silica 
gel (S/P brand silica gel 60A, 230-400 mesh ASTM) eluting with 5% methanol-methylene 
chloride gave 0.168 g (66%) of the title compound as an off-white solid; m.p. 103-105®C 
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(dec.). TLC (methylene chloride-methanol, 9:1) Rf=0.6. Mass spectrum: m/z 613 (M+H). 
•H-NMR (300 MHz, CDQ,) 6 9.09 (bs. IH), 8.38 (d. J=8.4 Hz, IH). 7.82-7.93 (m, 3H). 
7.70 (d, J=6.3 Hz. IH). 7.45-7.58 (m, 3H), 7.37 (d. J=6.6 Hz. IH), 7.06-7.15 (m. 4H), 5.30 
(d, J= 8.4 Hz. IH), 4.80-4.85 (m. 2H), 3.57 (d, J= 3.6 Hz. IH), 3.30-3.45 (m, 2H). 3.16 (m, 
IH). 2.59-2.65- (m. 2H). 2.27-2.49 (m, 2H), 1 .29 (s, 9H). 




(2S-cis).r5-(l-Naphthovnamino-1.2.3.4,5 .6.7-hexahvdrn-4-oxoazenino^3.2.1.hi1in^n|p.?- 
carbonvn-ami no1-4-oxo-butanoic acid semicarfaazone 

To a solution of (2S-cis)-[5-(l-naphthoyl)amino-1.2,3.4,5,6,7-hexahydro.4- 
oxoazepino[3.2.1-hi]indole-2-carbonyl)-aInino]-4-oxo-butanoic acid tert-butyl ester 
semicarbazone (0.106 g. 0.173 mmol) in methylene chloride (1 mL) was added anisole (0.5 
mL) followed by trifluoroacetic acid (1 mL). After stirring at room temperature under 
nitrogen for 3 hours, the reaction mixture was diluted with methylene chloride and 
evaporated, then chased twice with methylene chloride to give the title compound (0.1 10 g). 
TLC (methylene chloride-methanol, 9:1) Ri=0.3. 
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EXAMPLE 97 




(2$<i5)-f5-(l.NaDhthovnamino.l.2T4^<^7 .hexahvdTn.4^Yoa2eDinof3.21.hi] m 

cari)onvn-airnno] -4»oxo-butanoic acid 

(2S<is)-[5-(l.Naphthoyl)amino-l,2,3,4,5,6.7-hexahydro.4-oxoa2epino[3,2,l-hi]indole- 
2-carbonyl)-amino]-4-oxo-butanoic acid semicarbazone (0.110 g, ca. 0.173 nrniol) was 
treated with a 3:1:1 solution of methanol-acetic acid-37% foimaldehyde (3 mL) and the 
resulting mixture stirred under nitrogen for 5 hours. The reaction mixture was then diluted 
with water, methanol removed by evaporation, then the remaining mixture lyophilized. 
Purification of the crude product by flash chromatography on silica gel (S/P brand silica gel 
60A. 230^00 mesh ASTM) eluting with a 5%-20% methanol-methylene chloride gradient 
gave 0.076g (86%) of the title compound as a white solid; m.p. 202-203''C (dec). 
TLC(methylene chloride-methanol-acetic acid, 20:1:1) Rf=0.3. Mass spectrum: m/z 498 (M- 
H). 'H-NMR (300 MHz, CDC),) 6 9.38 (bs, IH). 8.94 (m, IH), 8.56 (m, IH), 8.36 (m. IH), 
7.94-8.02 (m. 2H), 7.68 (d. J=6.9 Hz, IH). 7.51-7.59 (m, 3H), 7.07-7.13 (m. 2H). 6.97 (m. 
IH). 5.20 (d. J= 10.5, IHz), 4.67 (m. IH). 4.15 (m. IH). 3.49 (m. IH), 2.95-3.23 (m. 2H). 
2.53 (m, IH), 2.22-2.34 (m. 2H). 
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EXAMPT.P QR 




f2S.c.s)-r5-Ben70v1aTnino.l ,7,3 4 S 6 7.hexahvdm^nv.,.,p .-..p . , t^jUn,.,..,...^..^,.,^ 
amino1-4-oxo-hntRnoic .rM t^.K ..K.. ester ..n„V..K.,... 

To a solution of (2S-cis>[5-amino-lA3.4.5.6.7.hexahydn,^oxoa2epino[3 2 1- 
Iu]indoIe-2-carbonyl>axnmo].4.oxo-butanoic acid tert-butyl ester semicarbazone (0 PI g 
0.264 mmol) in methylene chloride (2.5 mL) stirring at O^C under nitrogen was added ' 
tnethylamine (0.055 mL, 0.396 nunol). followed by benzoyl chloride (0.037 mL 0 317 
nunol). After stirring at room temperature under nitrogen for 1 hour, the reaction nuxture 
was diluted with ethyl acetate and washed successively with 5% potassium bisulfate 
saturated sodium bicarbonate and saturated sodium chloride solutions; dried (sodium' sulfate) 
and evaporated to dryness. Purification of the crude pn,duct by flash chromatography on 
siKca gel (S/P brand silica gel 60A, 230^00 mesh ASTM) eluting with 10% hexane-ethyl 
acetate, lOOo/o ethyl acetate, then lO-Zo methanol-ethyl acetate gave 0.073 g (49%) of the title 
compound as a off-white solid. TLC (methylene chloride-methanol. 9:1) Rf=o 7 Mass 
spectrum: m/z 563 (M+H). 'H-NMR (300 MHz. CDCl,): 6 8.61 (bs, ,H). 7.83-7 86 (m 
2H). 7.47-7.53 (m.3H). 7.06-7.12 (m. 3H), 5.30 (dd. J= 2.2. 7.8 Hz. IH). 4.89 (m IH) 4 72 

(n..lH).3.60(d.J=16.5Hz.lH).3.36(m.H).3.19(m.lH).2.69(dd.J=4 4 H 7 Hz ' 
lH).2.52(m. IH). 2.29 (m.lH). 1.34 (S.9H). ' 
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EXAMPLE 99 




(2S-cis)-r5>Benzoviamino-L2J.4.S.6.7 -hexahvdro>4-oxoazeDtnof3.2,l-hi1in^^ 

amino1-4-oxo>butanoic acid semicarfaazone 

To a solution of (2S-cis)-[5-benzoylamino-l,2,3,4,5.6.7-hexahydro-4. 
oxoa2epino[3,2,l-hi]indole-2-carbonyl)-ainino]-4-oxo-butanoic acid tert-butyl ester 
semicarbazone (0.064 g, 0.114 mmol) in methylene chloride (1 mL) was added anisole (0.5 
mL) followed by trifluoroacetic acid (I mL). After stirring at room temperature under 
nitrogen for 2.5 hours, the reaction mixture was diluted with ethyl acetate and evaporated to 
give the title compound (0.070 g). TLC (methylene chloride-methanol, 4:1) Rf=0.4. Mass 
spectrum: m/z 507 (M+H). 
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EXAMPLF. inn 




(2S.cisH.5.Ren7ovlan,ino-1.2,3 4 5 67-h.x.hvdro-4-n^^^^^^^ . , ,„ 

aminoM-nYn-hnt anoic acid 

(2S-cis).[5.BcnzoylanMno-1.2.3.4.5.6.7-hexahydro-4-oxoa2epino^^ 
carbonyl)-amino]-4^xo-butanoic acid semicarbazone (0.070 g. ca. 0.114 mmol) was treated 
with a 3:1:1 solution of methanol-acetic acid-37% fonnaldehyde (3 mL). and the resulting 
m,xture stirred under nitrogen for 3.5 hours. The reaction mixture was then diluted with 
water, methanol removed by evaporation, then the remaining mixture lyophilized 
Purification of the crude product by flash chromatography on silica gel (S/P brand silica oel 
60A. 230-100 mesh ASTM) elating with 10 and 20«/. methanol-methylene chloride gave " 
0.042 g (82%) of the title compound as a white solid; m.p. 204-205°C (dec). TLC 
(methylene chloride-methanol. 4:1) Rf=0.4. Mass spectrum: m/z 448 (M-H). 'H-NMR (300 
MHz. DMSO-.^ 6 8.84 (m. IH). 8.53 (m. IH), 7.91-7.95 (m. 2H). 7.46-7.58 (m. 3H). 7 II 
(m. 2H). 6.99 (t. J=7.3 Hz. IH). 5.14 (d, 10.2 Hz. IH). 4.62 (m. IH). 4.23 (m. IH). 3.48 
(m. IH). 3.12-3.18 (m. 2H). 2.99 (m. IH). 2.58 (m. IH). 2.12-2.46 (m. 3H) 
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f3R.S-cis'>-6-Ben7vloxvcarbonvla mino-5-oxo.2.3.4.5.6.7.8.hexahvdro.l H-a2eDino^3.2. 1 - 
hi1quinoline-3-carbonvn-amino1 -4-oxQ~butanoic acid tert-butvl ester semicarbazone 

1. Preparation of ^3R.S.cisV6-Benzvl oxvcarbonvlamino-S-oxo.2.3.4.5.6.7.8.hexahvdro.lH. 
azeDinof3.2.1.hilouinoli ne»3-carboxvlic acid, metbvl ^ter 

To a solution of (3R,S-cis)-6-Aniino.5-oxo-2,3,4,5,6,7,8-hexahydro-lH-a2epino[3,2,l- 
hi]quinoline-3-carboxylic acid, methyl ester (0.570 g, 2.1 mmol, prepared as described in 
Tetrahderon Letters 36, pp. 1593-1596 (1995) and U.S. Patent 5,504,080 (April 2, 1996)) in 
methylene chloride (6 mL) stilting at 0*C was added benzyl chloroformate (0.6 mL, 4.2 
mmol) and triethylamine (1.2 mL, 8.4 mmol) and the resulting mixture was stirred under 
nitrogen for 30 minutes. The reaction was quenched with water then partitioned between 
ethyl acetate and 5% aqueous potassium bisulfate solution. The aqueous layer was back 
extracted two times with ethyl acetate, then the combined organic layers were washed with 
saturated sodium chloride solution, dried (sodium sulfate) and evaporated to dryness. 
Purification of the crude product by flash chromatography on silica gel (S/P brand silica gel 
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60A. 230-400 mesh ASTM) eluting with ethyl acetate-hexane (2:1) gave 0.643 g (76o/o) of 
of the title compound as a white foam. TLC (methylene chloride-methanol. 95-5) RfK) 8 
•H-NMR (300 MHz. CDCI3) 6 7.36-7.25 (m. 5H). 7.13-7.02 (m. 3H). 5.67 (d J=7 8 Hz' 
IH). 5.02 (t. J=9.15. 18.3 H^ 2H). 4.34 ( m. IH). 3.70 (, 3H). 3.16 (m. IH). 2.69-2.56 '(m. 
5H), 2.06 (m, IH). Mass spectnmi: m/z 408 (M+H). 



2. Preparation of f3R S.r.i>;). fcBenzvlmrvritrhonvlaTninft.< 
azepinof 3,2, 1 -hi)quinoli ne-3-carbnYY Hr. a,.;/4 



To a solution of (3R.S-cis)-6-BcnzyloxycarbonyIamino-5-oxo.2.3.4,5,6,7.8- 
h«ahydro.lH.azepino[3.2,l-hi]quinoIine.3-cari,oxyIic acid, methyl estlr (0.622g. 1.53 
mmol) in 1.4-dioxane (10.5 mL) and water (3.5 mL) was added IM aqueous lithium 
hydroxide (2.3 mL. 2.3 mmol) and the resulting mixture was stirred at room temperature 
under nitrogen for 1 hour. The reaction mixture was acidified to ca. pH 2 with a 5% 
aqueous potassium bisulfate solution, then partitioned between ethyl acetate and saturated 
sodium chloride solution. The aqueous layer was back extracted two times with ethyl 
acetate, and the combined organic layers were dried (sodium sulfate) and evaporated to yield 
0.670 g of the title compound. TLC (methylene chloride-methanol-acetic acid 3211) 
Rf=0.35. 'H-NMR (300 MHz, CDCl,): 6 7.38-7.28 (m, 5H). 7.13-7.04 (m. 3H) 5 72 (d 
J=8.1 Hz. IH). 5.03 (s. 2H), 4.35 (m. IH). 3.77-3.67(m. 5H). 3.10 (m. IH). 2.72-2 52 (m 
5H). 2.07 (m, IH). 1.70 (m, IH). 
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3. (3R.S-cis)-6-Benzvloxvcarbonvlamino . S-oxo.2.3.4.S.6.7.8.hexahvHro-lH.a7ep inof'< 0,1- 
hilquinoline-3-carbonvlVamino1^ yo.butanoic acid tert-butvl ester semiftarha-yr >nA 

To a solution of (3R,S-cis)-6-benzyloxycarbonylanuno-5-oxo-2,3,4.5,6,7,8-hexahydro- 
lH-azepino[3,2,l-hi]quinoline-3-carboxylic acid (0.604 g, 1.5 mmol) in methylene chloride 
(12 mL) stirring at 0°C under nitrogen was added l-hydroxybenzotriazole hydrate (0.282 g, 
1.8 mmol) and l-(3-dimethylaminopropyl).3-ethylcarbodiimide hydrochloride (0.442 g, 3 
mmol). After 15 minutes, L-aspartic acid semicarbazone P-tert-butyl ester, p- 
toluenesulfonate salt (0.60 g, 1.5 mmol) and N-methylmoipholine (0.25 mL, 3i mmol) were 
added and the mixture allowed to come to room temperature within 1 hour. After stirring 
an additional hour, the reaction mixture was diluted with ethyl acetate and washed 
successively with 5% potassium bisulfate and saturated sodium chloride solutions; dried 
(sodium sulfate) and evaporated to dryness. Purification of the crude product by fladi 
chromatography on silica gel (S/P brand silica gel 60A, 230-400 mesh ASTM) eluting with 
10% methanol-methylene chloride gave 0.523 g (56%) of the title compound as a white 
foam. TLC (methylaie chloride-methanol, 9:1) RfK),65. 'H-NMR (300 MHz, CDClj): 6 
9.89 (m, IH), 7.72 (m, IH), 7.92 (d, J=9 Hz, IH), 7.65 (d, J=8.1 Hz, IH), 7.32-7.28 (m, 
5H), 7.12 (s, IH), 7.07 (d, J=5.7 Hz, 2H), 6.03 (d, J=7.5 Hz. IH), 5.84 (d. J=8.l Hz, IH), 
5.03 (s, 2H), 5.01 (m, IH) 4.80 (m, IH), 4.31 (m, IH), 2.98 (m, IH), 2.75-2.41 (m, 7H), 
2.12 (m,lH), 1.77 (m, IH), 1.39 (s. 9H). 
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(3R.S.cis)-6.Ben2YloxvcarhoTivlaTnino-5-oy».? l A <; A .7.8-hev.hvH^ n.p ,azeninof^ 9 i. 
hi]quinoline-3-carhonvIVaininr>]-4. n xo.butann.r ^riH semicarhar»n>. 

To a solution of (3R,S-cis)-6-Ben2yloxycarbonylainino-5-oxo.2,3.4,5,6,7,8- 
hexahydro.lH-azepino(3AI-hi]quinolineO-carbonyl)-amino]-4.^^^^^ 
ester semicarbazone (0.200 g, 0.33 nunol) in methylene chloride (1 mL) was added anisole 
(0.5 mL. 4.62 mmol) followed by trifiuoroacetic acid (1 mL,. After stirring a; room 
temperature under nitrogen for 1.5 hours the reaction mixture was diluted with methylene 
chloride and evaporated, then azeotroped twice with methylene chloride to give the title 
compound (0.248 g). TLC (methylene chloride-methanol-acetic acid, 8:1:1) RiK).2. Mass 
spectrum: m/z 549 [M-H]". 
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OR.S-cisV6-Ben2vloxvcarbonvlamino-5-oxO'23.4.5,6J.8-hexahvdro-lH'a2eDinor3.2,l- 
hi1quinoline-3-carfaonvlVamino%4-oxo-butanoic acid 

(3R,S-cis)-6-Beii2yloxycarbonyIamino-5-oxo-2,3,4,5,6,7,8-hexahydro-lH' 
azepino[3,2,l-hi]quinoline-3-carbonyl)-amino]-4-oxo-butanoic acid semicarbazone (0.245 g, 
ca 0.33 mmol), was treated with a 3:1:1 solution of methanol-acetic acid-37% fonnaldehyde 
(3 mL) and the resulting mixture stirred under nitrogen for 1.5 hours. The reaction mixture 
was diluted with water, methanol removed by evaporation, then the remaining mixture 
lyophilized. Purification of the crude product by flash chromatography on reverse phase gel 
(MCI gel, CHP-20P, 75-150 micron) eluting with a 10%-80% methanol-water gradient gave 
0.090 g (60%) of the title compound as a white solid after lyophilization; m,p. I20-123°C 
(dec). TLC (methylene chloride-methanol-acetic acid, 32:1:1) RM).45. ^H-NMR (300 MHz, 
DMSO d6): 6 8,67 (m, IH), 7.79 (m, IH). 7.57 (m, IH), 7.37-7.27 (m, 5H), 7.17-7.08 (m, 
3H). 5.44 (m, IH), 4.95 (s, 2H), 4.70 (m, IH), 4.07 (m, IH), 3.92 (m, IH), 3.16 (m, IH), 
2.98 (m, IH), 2.75-2,41 (m, 7H). 2.25 (m,lH), 2.11 (m, IH), 1.29 (m, IH). Mass 
spectrum: m/z 492 [M-H]\ 
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3(f2S.cis).r5.Ben7Y»nxvcarhonYlamino.l -> , 15.6.7.hev.HvH...^....., „i„,n 7 
?-caTt>CTvlVamino]>.S.flunm-4.hy ^..v.. ,pentann,r .H^ t.w,, ..,^.. 

To a solution of (2S-cis)-5.ben2yIoxycarbonylamino- 1.2.3.4,5,6.7-hexahydro-4- 
oxoazepino[3.2.1-hi]i„dole-2-carboxylic acid (0.373 g. 0.98 mmol) in methylene chloride (3 
mL) Strang at 0-C under nitrogen was added l-hydroxybenzotriazole hydrate (0.151 g. 0.98 
nimol) and l-(3-dimethylaminopropyl)-3-ethylcarbodiiniide hydrochloride (0.283 g 1 47 
mmol). After 15 minutes. 3-amino-4-hydroxy-5.fluoropentanoic acid, tert-buty] esier (0.204 
g. 0.98 mmol, prepared as described in Tetrahedron Letters 35. pp. 9693-9696 (1994)) was 
added and the mixture allowed to come to room temperature within 1 hour. After stirring 
overnight, the reaction mixture was diluted with ethyl acetate and washed successively with 
5% potassium bisulfate and saturated sodium chloride solutions; dried (sodium sulfate) and 
evaporated to dryness. Purification of the crude product by flash chromatography on silica 
gel (S/P brand silica gel 60A. 230-400 mesh ASTM) eluting with 2% methanol-methylene 
chloride gave 0.383 g (68%) of the title compound as a white foam. TLC (methylene 
chloride-methanol. 9:1 ) Rf^O.6. 'H-NMR (300 MHz. CDCI3): 6 7.45-7.31(ni 5H) 7 08 
7.01 (m. 3H). 6.10 (m. IH). 5.26 (ni. IH), 5.12 (s. 2H). 4.52 (m. IH). 4.38-4.30 (m 2H) 
4.21-4.19 (m. 2H). 4.03-3.95 (n,. 2H). 3.43-3.20 (m. 4H). 3.13 (m. 2H). 2.62-2.50 ^m 2H) 
2.42 (m. IH). 1.42 (s. 4H), 1.32 (s. 5H). Mass spectrum: m/z 570 (M+H). 
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EXAMPLE 105 



o 

■0^ 




3 ((2S-cis)- f S-Benzvloxvcarbonvlam mo-l .2.3.4.S.6.7-hexahvdm.4-oxoa2epinr>[3 ,7 , 1 . 
hi1indo]e-2-carbonvlVamin on.S-fluorQ.4-oxo-pentanoic acid ttirt-butvl estq- 

To a solution of 3{(2S<is)-[5-benzyloxyca^bonylaInino■-U,3.4,5,6,7-hexahydro-4- 
oxoazq)ino(3,2,l-hi]indole-2<arbonyl)-ammo]}-5-fluo^o-4.hydroxy-pentanoic acid tert-butyl 
ester (0.1 14 g, 0.20 mmol) in methyl sulfoxide (1.3 mL) was added Dess-Martin periodinane 
(0.228 g). After stirring at room temperature under nitrogen for 2 hours an additional 
portion of Dess-Maitin periodinane (0.135 g) was added foUowed 2.5 hours later by a third 
portion (0.10 g). The reaction mixture was diluted with ethyl acetate and washed twice with 
water and saturated sodium chloride solution; dried (sodium sulfate) and evaporated to 
dryness. Purification of the crude product by flash chromatography on silica gel (S/P brand 
silica gel 60A, 230-400 mesh ASTM) eluting 1/1 ethyl acetate-hexanes gave 0.076 g (67%) 
of the title compound as a white foam. TLC (ethyl acetate-hexanes, 1:1) Rf=0.6. 'H-NMR 
(300 MHz. CDClj): 6 7.58 (d, J = 8.4 Hz, IH), 7.34-7.30 (m, 5H), 7.07-6.99 (m. 3H). 6.06 
(m, IH), 5.23 (d, J = 12.3 Hz, IH), 5.12 (s, 2H), 4.53 (d. J = 13.2 Hz. IH), 4.77 (d. J = 9.9 
Hz, 2H), 4.32 (m, IH), 3.44 (dd, J = 5, 8.4 Hz, IH), 3.32-3.21 (m. 2H). 3.06 (m.lH), 2.9 
(m. IH). 2.62 (m, IH). 2.41 (m. IH), 2.17 (m. IH). 1.39 (s, 4H), 1.29 (s. 5H). 
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hiltndole-2.carhonvn.aminop -^-fin.^.4.o^^.^„,,,,.., 

To a solution of 3{(2S-cis)-[5-benzyloxycari)onylamino-l 2 3 4 5 6 7 
hexahydro-4-oxoazepino[3.2.1-hi]i„dole-2-c^^^^^^ 

tert.butyl ester (0.063 g. 0.1 1 1 „„„ol) in methylene chloride (1.0 mL) was added anisole 
(0.5 mL). followed by trifluoroacetic acid (1.0 mL). After stining at room temperature 
under nitrogen for 2 hours the reaction mixture was diluted with methylene chloride and 
evaporated, then chased twice with methylene chloride. The crude residue was trimrated 
with ethyl ether to give 0.030 g of the titled product as a white solid; m.p. 106-107X (dec) 
TLC (methylene chloride-methanol-acetic acid. 32:1:1) RfWQj. 'h-NMR (300 MHz CDCl )• 
6 7^61 (m. IH). 7.32 (s. 5H). 7.1(d. J = 4 H. IH). 7.03 (d. J = 4 H. 2H). 6.17 (m'. IH). ^ ' 
5^22 (m. IH). 5.10 (s. 2H). 4.75-4.70 (m. 2H). 4.32 (m. ,H). 3.5 (m. IH). 3.31-3.15 (m. 
2H). ..03 (m. IH). 2.93 (m.lH). 2.69 (m. IH). 2.36 (m. IH). 2.12 (m. IH). Mass 
spectrum: m/z 512 (M+H). 
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EXAMPLE 107 




O 




3-rf 2S-cisVrS-Bcn2vloxvcarfaonvlamino- 1 .2,3,4.5,6.7-hexahvdro-4-oxoa2epinof 3.2. 1 - 
hi1indole»2»carbonvnaininQl-5-bromo-4-oxo-pentanoic acid, tert-butvl ester 

To a solution of (2S<is>5-benzyloxycarbonylamino-1^.3,4,5,6,7-hexahydro-4- 
oxoazepino[3,2,l-hi]indole-2-carboxyIic acid (0.302 g, 0.797 mmol) in methylene chloride 
(5.5 mL) siirring at OX under nitrogen was added 1-hydroxybenzotriazols hydrate (0.146 g, 
0,96 mmol) and l-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (0.230 g, 1.2 
nunol). After 15 minutes, aspartic acid, a- methyl, P-tert-butyl diester hydrochloride (0.191 
g, 0.797 mmol) was added followed by N-methyhnorpholine (0.13 mL, 1.2 mmol) and the 
mixture allowed to come to room temperature within 1 hour. After stirring overnight, the 
reaction mixture was diluted with ethyl acetate and washed successively with 5% potassimn 
bisulfate and saturated sodium chloride solutions; dried (sodium sulfate) and evaporated to 
dryness. Purification of the crude product by flash chromatography on silica gel (S/P brand 
silica gel 60A, 230-400 mesh ASTM) eluting with ethyl acetate-hexane (1:1) gave 0.350 g 
(78%) of N-[(2S-cis)-[5-ben2yloxy- carbonylamino-1.2,3,4,5,6,7-hexahydro-4- 
oxoa2epino[3,2,l-hi]indole-2-carbonyI]]aspartic acid, a-methyl, P-tert-butyl diester as a white 
solid. TLC (methylene chloride-methanol, 9:1 ) R^=0.8. m.p. 147-148X(dec.)."H-NMR(300 
MHz, CDCI3): 6 7.48 (d, J=7.5 Hz, IH), 7.34-7.29 (m, 5H), 7.07 (m, IH), 7.03-6.96 (m. 
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2H). 6.15 (d, J=5.7 Hz, IH). 5.28 (d, J=7.8 Hz IH), 5.11 (s. 2H). 4.72 (m. IH). 4.32 (m, 
IH). 3.74 (s. 3H). 3.49 (d. J=16.5 Hz, IH), 3.31-3.20 (m. 2H). 3.05 (m, IH). 2.72 (ABX, 
dd. J=4.65. 15, 64.5 Hz. 2H). 2.43 (m, IH), 2.15 (m. IH), 1.30 (s, 9H). 

To a solution of the above product (0.330 g. 0.585 ramol) in 1,4-dioxane (4.5 mL) 
and water (1.5 mL) was added IM aqueous lithium hydroxide (0.7 mL, 0.702 mmol) and 
the resulting mixture was stirred at room temperature under nitrogen for 30 minutes. The 
reaction mixture was acidified to pH 3 with a O.IN HCl solution, then partitioned between 
ethyl acetate and saturated sodium chloride solution. The aqueous layer was back extracted 
two times with ethyl acetate, and the combined organic layers were dried (sodium sulfate) 
and evaporated to yield 0.275 g (85%) of N-[(2S-cis)-[5-benzyloxycarbonylammo- 
1 ,2,3,4,5,6,7-hexahydro-4-oxoazepino[3,2,l -hi]indole-2-carbonyl]]aspartic acid, p-tert-butyl 
ester as a white foam. TLC(methylene chloride-methanol, 9:1): R^.25. 'H-NMR(300 
MHz, CDCI3): d 7.57 (d, J=7.8 Hz. IH), d7.35-7.29 (m. 5H), 7.08 (m, IH), 7.03-6.98 (m. 
2H), 6.24 (d, J=6 Hz, IH), 5.28 (d. J=5.1 Hz IH), 5.11 (s. 2H). 4.73 (m, IH). 4.35 (m. 
IH). 3.48 (d, J=16.8 Hz. IH), 3.36-3.20 (m. 2H), 3.07 (m, IH), 2.76 (ABX, dd, J=4.8, 18. 
66 Hz, 2H), 2.40 (m, IH), 2.19 (m, IH), 1.33 (s. 9H). 

To a solution of the above product (0.262 g, 0.475 mmol) in tetrahydrofuran (3.0 
mL) stirring at -10°C under nitrogen was added N-methylmorpholine (0.1 14 mL, 1.05 
mmol) followed by dropwise addition of isobutyl chloroformate (0.107 mL. 0.81 mmol). 
After 40 minutes the reaction mixture was filtered, the salts washed with dry THF. and the 
filtrate cooled to 0°C. This was treated with a freshly prepared ediereal solution of 
diazomethane (excess). After stirring the mixture at 0»C for 30 minutes, a mixture of 
hydrobromic acid (48% wt. aq. solution)/acetic acid (1.3 mL. 1/1) was added dropwise. 
After stirring for another 10 minutes, the reaction mixture was diluted with ethyl acetate, 
then washed successively with saturated sodium bicarbonate and sanu-ated sodium chloride 
solutions; dried (sodium sulfate) and evaporated to dryness. Purification of the crude 



142 



wo 98/10778 PCTAJS97/16369 



product by flash chromatography on silica gel (S/P brand silica gel 6OA, 230-400 mesh 
ASTM) eluting with ethyl acetate-hexane (1:1) gave 0.200 g (67%) of the title compoimd as 
a white foam. TLC(ethyl acetate-hexane, 1:1 ): R^=0.7. 'H-NMR(300 MHz, CDCi): 6 7 71 
(d, J=9 Hz, IH). d7.35-7.30 (m. 5H), 7.09 (m. IH). 7.04-7.02 (m, 2H). 6.1 (d, J=5.4 Hz, 
IH), 5.28 (d, J=7.2 Hz IH), 5.12 (s. 2H). 4.89 (dd, J=4.5, 15 Hz IH), 4.35 (m. IH), 4.16 (s, 
2H), 3.50-3.21(m. 3H), 3.06 (m, IH), 2.76 (ABX, dd, J=4.65, 18. 103 Hz, 2H), 2.37 (m, 
IH), 2.15 (ra, IH), 1.27 (s, 9H). Mass spectrum: m/z 626/628 (M-H). 
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(0.0.9 s, 0.49. n^ol), followed diphenylphosphimc acid (0,029 g, 0.139 ™„ol) After 
a, ™on, .e.pe„„„. ^.^r ni^gen ft. 48 hour. .i. ^ 
e*y, aceu.., ^ „.hed .„cc«dv.,y a dih« s„di™ bicarbo^^ sow,, ^ 
wa,er, dncd (sod,™ sulfate, and evapo.,ed .o d,y„e«. P^cado. of*. cn.d. prod., 
by flash Chromatography on silica gel (S/T brand gel 60A. 230^00 mesh ASm> 

H), 7.52-7.30 (m, UH), 7.06 (m. IH). 7.01-«.96(n. 2H). 6.45 (m, ,H) 5 7, (m 
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EXAMPLE 109 




34f 2S-cisVr5-Be nzvloxvcarbonvlaminO" 1 ,2,3,4,5,6>7>hexahvdro-4-oxoa2epinQr3.2^ 1 - 
hi1mdole-2-carbonvl1amino1-S-fdiphenvlphosphinvnoxv-4'Oxo-Dentanoic acid 

To a solution of 3-[(2S-cis>[5-ben2yloxyca^bonylamino-l,2,3,4,5,6,7-hexahydro-4- 
oxoa2epino[3,2J-hi]indole-2-ca^bonyl]aInino]-5-(diphenylphosphinyl)oxy-4-oxo-pent^^ 
acid, tert-butyl ester (0.040 g, 0.054 mmol) in methylene chloride (1.0 mL) was added 
anisole (0.5 mL), followed by trifluoroacetic acid (1.0 mL). After stirring at room 
temperature under nitrogen for 30 minutes the reaction mixture was diluted with methylene 
chloride and evaporated, then azeotroped twice with methylene chloride. The crude residue 
was triturated with ethyl ether to give 0.030 g of the titled product as a white solid; m.p. 
109-11 IX(dec). TLC(methylene chloride-methanol, 9:1): R^=0.4. ^H-NMR(300 Mhz, 
CDClj): 6 7.87-7.66 (m, 4H), 7.60-7.28 (m, IIH), 7.05-6.95 (m, 3H), 6.84 (m, IH), 5.12(s, 
2H), 5.05 (m, IH). 4.58 (m, IH). 4.42-4.15 (m, 4H), 3.35-3.10 (m, 4H), 3.05 (m, IH), 2.76 
(m, IH), 2.56 (m, IH). 2.37(m, IH), 2.13 (m, IH), 1.93 (bs, IH). Mass spectrum: m/z 710 
(M+H). 
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EXAMPLR Tin 
Materials anH U^u^. c,. Evaluating Pffijcts of irR/rpn.^ 
Inhibitors on Granulocyte Neutrop hils 

Neutrophil ^gftl^ti^n- 

Whole blood anUcoagulatcd with Acid Citrate Dextrose (ACD) with a ratio of 1:5 
ACD to blood was collected (-100 ml). 

Using polypropylene plastic ware, neutrophils are isolated as follows: 

30 ml of the whole blood is added to 50 ml polypropylene centrifuge tubes 
containing 15 ml of 6% Dcxtran (in Saline). The blood is allowed to sediment for 
approximately 1 hour at room temperature. 

The turbid straw colored layer harvested from the top of the cylinders into 50 ml 
conical polypropylene tubes. Tl« blood cells were pelleted by centrifugation at 240 xg 
(Sorvall centrifoge at 1200 rpm) for 12 min. at 4-C with the brake on low. 

The supernatant was aspirated and the pooled pellet resuspended in 40-50 ml cold 
PBS (w/o Ca, Mg). and centrifuged at 240 xg (Sorvall centrifuge at 1200 rpm) for 6 min. 
at 4*C with the brake on high. 

The supernatant was aspirated and the pellet resuspended in 12 ml of cold cell 
culture grade water. The suspension was titriated gently with a pipet for 30 seconds then add 
4 ml of cold 0.6 M KCl. (Brought up to 50 ml with cold PBS (w/o Ca. Mg)) and then 
centrifuged at 300 xg (Sorvall centrifuge at 1400 rpm) for 6 min. at 4-C with the brake on 
high. 

The above was repeated one time. 

The supernatant was aspirated and the cells resuspended in 2.5 ml cold PBS (w/o Ca. 
Mg). The cell suspension was layered over 3 ml Ficoll-Hypaque in a 15 ml polypropylene 
conical tube and centrifuged at 400 xg (Sorvall centrifuge at 1900 rpm) for 30 min. at 4-C 
with the brake on low. 

The suspension aspirated was down to the neutrophil pellet. The pellet was 
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resuspended in cold PBS (w/o Ca, Mg) and transfered to a 50 ml conical tube and brought 
to 50 ml with cold PBS (w/o Ca, Mg) and centrifiiged at 300 xg (Sorvall centrifiige at 1400 
rpm) for 6 min. at 4'C with the brake on high. 

The supernatant was aspirated and the pellet resuspended in SO znl cold PBS (w/o Ca, 
Mg) and centrifuged at 300 xg (Sorvall centrifuge at 1400 rpm) for 6 min. at 4*C with the 
brake on high. 

The supernatant was aspirated and the neutrophil pellet resuspended in 4.0 ml cold 
PBS (w/o Ca, Mg) on ice. 10 nl of the neutrophil cell suspension was diluted with 990 ^1 
of Trypan blue (1 : 100) and cells counted using a hemacytometer. The cell number and 
viability were determined. 

Neutrophil Culture Conditions : 
The culture media was as follows: 

(RPMI 1640; 10% FBS; 10 mM Hepes; 0.2 mM L-glutamine; 25 U/ml penicillin; and 25 
mg/ml streptomycin) 

Purified neutrophil maintenance was performed under the following conditions: 
(5x10* cells/ml in above culture media; Polystyrene round-bottom 96- well plates; 250 
Hl/well; and 37*C, 5% C02/95% air humidified incubator) (Liles et aL, Blood 119 (1995) 
3181-3188). 

Analysis of Hvpodiploid Nuclei bv Flow Cytometry : 
Hypotonic fluorochrome solution 

(50 ng/ml propidium iodide (Sigma catalog#P4170); 0.1% Triton X-100; and 0.1% 

sodium citrate). 

Neutrophils were pelleted at 4*C and the supemate aspirated. 

Neutrophils were resuspended in hypotonic fluorochrome solution at a density of 
5x10^ cells/ml. Propidium iodide fluorescence of individual nuclei was evaluated in FL2 and 
measured on a logarithmic scale while gatuig on physical parameters in forward and side 
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scatter to exiude cell debris. 

At least 10,000 events per sample were collected and the results were evaluated 
relative to a non-apoptotic neutrophil population. (Liles et al.. Blood 119 (1995) 3181. 
3188). 



Respiratory burst in i solated neutrophils measiireH hy 
Chemiluminescence 

Whole blood anticoagulated with Acid Citrate Dextrose (ACD) with a ratio of 1:5 
ACD to blood was collected (150 ml). 

Neutrophils were isolated as described above. 
Opsonized zymosan was prepared by suspending 125 mg zymosan particles in 25 ml 
pooled human serum (5 mg/ml) and incubating them for 20 minutes at 37*0. Centrifuge the 
suspension and resuspend the particles in 7 ml of PBS (18 mg/ml) and stored on ice until 
use (vortex prior to pipetting). 

50 ml of a 250 solution of Lucigenin (MW 510.5) was prepared by dissolving 6.4 
mg of the solid in 50 ml of PBS-G (+ Ca. Mg). 10 ^1 of PBS-G (+ Ca, Mg) to the wells in 
a white 96 well plate. 

50 nl of the 250 nM Lucigenin solution was added to the wells in a white 96 well 

plate. 

Cell preparations were obatined from cell culture (concentration at time 2ero= 5.0 x 
10* cells/ml) with PBS-G (+ Ca, Mg). 

20 ^l of the neutrophil suspension was suspended to the appropriate wells and the 
plate was incubated the plate at 37* C for three minutes. 10 ^1 of the opsonized zymosan 
was added to the wells. 

The plate was read on the luminometer (Labsystems Luminoskan, Needham Heights, 
MA) for 14 min. at 37* C in the kinetic mode and record results using the software 
DeltaSoft. 
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Whole Blood Assay : 

The following reagents were used: 

anti-CD32-FITC monoclonal antibody obtained from Phanningcn. 

Lysing Solution (lOX Stock: 89.9 g NH4a; 

10.0 g KHCO; 

0.37 g tetrasodium EDTA; 

dissolve in 1 liter dH20. Adjust to pH 7.3. Store at 4'C in a tightly closed bottle. 
Dilute 1:10 with dH20 prior to use.) 

(DPBS without calcium or magnesium obtained from Irivine Scientific. 

2% fetal bovine serum in DPBS stored at 4'C. 

50 ng/ml propidium iodide in DPBS sterile filtered and stored at 4'C.) 

The following protocol was followed: 

200 ^1 blood sample/2.8 ml IX lysis solution in a IS ml polypropylene conical tube. 
Cap and invert to mix. Leave at room temperature for 3-5 minutes. 
Centrifuge in a table-top Sorvall at 1200 rpm for 5 minutes at 4'C. 
Aspirate supemate. Resuspend pellet in 200 jil/sample 2% FBS/DPBS. Add 20 
Hl/sample anti-CD32-FITC. Incubate 30 minutes on ice in the dark. 
Add 5 ml/sample DPBS. Centrifuge at 1000 rpm for 5 minutes at 4*C. 
Aspirate supemate. Resuspend pellet in 1 ml/sample 2% FBS/DPBS. 
Add 3 ml/sample ice-cold 95% EtOH dropwise while vortexing gently. 
Incubate samples on ice in the dark for 30 minutes. 
Centrifuge at 1000 rpm for 5 minutes at 4*C. 

Resuspend each sample in 50 fil 5 mg/ml RN'ase. Transfer sample to 900 |il/sample 
50 fig/ml Propidium Iodide in 12x75 mm Falcon polystyrene tubes. 
Incubate on ice for 30 minutes. 

Analyze samples by flow cytometry (argon laser) for forward and side scatter and 
fluorescence. 
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EXAMPLE 1 1 1 

EnlWHWine^lt of ngUtrophil/gTanillocvte survive hv ^ .yivo annlirarinn of ICE/cpH--. .nhSKW^^ 
The present invention provides methods to enhance the ex vivo survival of 
neutrophils/granulocytes. To establish the ability of compounds to preserve granulocytes in 
culture, compounds were tested in a number of in vitro assays. One common model to test 
for effects on granulocyte survival involves separating granulocytes from fresh whole 
blood, culturing the cells at 37»C and testing cells for nuclear hypodiploidy at 24 hour 
intervals (as described in Example 1 10). TTie presence of hypodiploid DNA is a measure of 
apoptosis, and is assessed using a propidium iodide stain via flow cytometry. Compounds 
of the present invention were incubated with the granulocytes in culture, their effects on 
granulocyte survival measured, and an IC50 calculated, hi Figure 6, the caspase inhibitor 
zVADfink prepared as described in Tetrahedron Letter, 35 9693-9696 (1 994) had a weak 
effect on improving granulocyte survival at 48 hours, whereas examples 43, 70. and 106 
from the present invention had IC50s of <5nM and thus are potent inhibitors of granulocyte 
death. 

The abilit)' to undergo the respiratory burst is another measure of granulo^te viability. 
The respiratory burst is a physiological response of granulocytes to foreign stimuli such as 
bacteria, hi this example, the method for inducing the respiratory burst utilized opsonized 
bacterial zymosan. The respiratoiy burst was measured via cherailuminescence. Figure 7 
shows that the caspase inhibitor zVADfink, which had only weak effects on the viability of 
the granulocytes in the hypodiploidy experiments, did not maintain the respiratoiy burst. In 
contrast, two exemplary compounds of the present invention, example 43 and 70. 
substantially maintained the respiratory burst for 48 hours, and partially maintained the 
respiratory burst afier granulocyte culture for 72 hours. 

Survival of granulocytes in whole blood was measured by hypodiploid analysis in a 
similar fashion to isolated granulocytes via flow cytometry. ICE/ced-3 inhibitors of the 
present invention maintamed survival of granulocytes in whole blood for 96 hours at room 
temperature as indicated in the table below: 
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Percentage of diploid granulocytes in whole blood 





time zero 


96 hours 


no compound 


96% 


48% 


EXAMPLE 43 


96% 


91% 


EXAMPLE 70 


96% 


89% 



Thus, the present invention provides methods for maintaining the ex vivo survival of 
mature granulocytes, both isolated and in wiiole blood. The methods of this example also 
provide a means to distinguish those ICE/ced-3 inhibitors that are effective in maintaining 
granulocyte survival from those that are not effective. 
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EXANfPLFII? 

Enhancement of anhcresis nrodnct su rvival hv application of irFyred-3 inhihitnn; 

Apheresis (leukapheresis) of blood donors can be perfonned to obtain a population of 
cells which is enriched in granulocytes. These cells arc then transfused into a recipient in 
need of additional granulocytes. This apheresis product has a short shelf life, and cunent 
standards (American Association of Blood Banks. Standard for Blood Banks and 
Transfusion Services, Ed. 17, 1 996) require storage at 20-24''C for no longer than 24 hours. 
Transfusion is recommended within 6 hours if possible. 

Exemplary compounds as described in the present invention can be used to prolong the 
storage life of apheresis products. ICE/ced-3 inhibitors are efTective in prolonging 
granulocyte survival as shown in Example 64 for isolated granulocytes and whole blood. 
For use in the setting of apheresis, the compound can be formulated in a compatible 
solvent, such as dimethyl sulfoxide (DMSO). The compound can be stored in a vial, and be 
pre-added to the apheresis bag, or injected into the donor apheresis line during the 
coIlecUon process. TTie effective final concentration compound could range from 1-25 fiM. 
The leukapheresis product, containing the ICE/ced-3 inhibitor, is then infused into the 
recipient after storage. Many storage conditions may be possible, for example, storage may 
be at room temperature for up to one week post-collection. 
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EXAMPLE 113 
Bone marrow reconstitution/hematopoietic cell recovery 
In order to demonstrate utility in accelerating reconstitution of hematopoietic cells, 
compounds are tested in several animal models. One common model to destroy 
hematopoietic cells involves lethal or sub-lethal irradiation of mice, in which the animals 
are exposed to X-rays, usually generated from a '^^Cesium source. In the case of sub- 
lethal irradiation, various endpoints measuring hematopoiesis can be determined at 
different times following the irradiation, in order to monitor recovery. Compounds of 
the present invention are administered to animals following sublethal irradiation and their 
effects on recovery are measured. The endpoints can include: hematocrit, white blood 
cell count, incorporation of tritiated thymidine into bone marrow DNA, spleen weight, 
number of burst-forming units-erythroid or number of colony-forming units (erythroid, 
granulocyte/macrophage and megakaryocyte forming lineages) from spleen or bone 
marrow from humerus or femur. In some cases animals can be further myelosuppressed 
by injection of chemotherapeutic agents, such as carboplatinum. Compounds which have 
been efficacious in these models, although acting via different mechanisms, include 
thrombopoeitin, Photofrin, heme, interleukin-1 and tetrachlorodecaoxide, among others. 

Models of lethal irradiation can also be used to test efficacy, although these models 
generally include bone marrow transplant to rescue the animals. These experiments are 
often performed on mice, although not exclusively. For syngeneic transplants, time to 
engraftment can then be measured, using the same endpoints as mentioned above. 
Engraftment of human progenitor cells can also be measured using SCID-hu mice as the 
recipients with methods similar to the above, after first establishing the human origin of 
the hematopoietic cells. In these cases, compounds of the present invention are 
administered to recipient animals at the time of bone marrow transplant. The bone 
marrow cells may also be treated with the ICE/CED-3 family inhibitor compounds prior 
to transplantation. 
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EXAMPLE 114 
TransDlantatini^ 

Transplantation studies have been performed in a variety of species with a number of 
organ systems, including heart, liver and kidney. The goals of these studies have included 
methods to optimize tissue storage prior to transplantation, and methods to minimize graft 
rqection. This application will focus on optimizing tissue storage, although applications 
to prolong graft fimction and minimize rejection are also possible. 

Cardioplegic solutions designed to paralyze the heart are used for cardiopulmonary 
bypass and for transplantation. The most common of these solutions are the University of 
Wisconsin solution and St. Thomas' Hospital solution. The duration of time the heart can 
be stored prior to transplant is limited to several hours. Various experimental approaches 
have been taken to test additives to these solutions to prolong cardiac viability. The heart 
can be removed fit)m the donor animal and function studied in an isolated preparation 
(commonly known as a Langendorff preparation) (Galinanes, et al.. J. Thoracic & 
Cardiovascular Surgery, 104:151. 1992). Decline in cardiac function can be measured as 
a function of time in storage, and the parameters measured can include cardiac output, left 
ventricular pressure, contractile force, heart rate and coronary flow. 

The effects of preservation solutions have also been studied for liver and kidney 
transplants. In this example, the organs are generally stored for a certain time in the 
solution, and then grafted into the recipient. Common endpoints for these studies are 
length of survival and histological examination of the graft. For Uver transplants, the 
fimction of the graft can also be evahiated by measuring concentrations of alanine and 
aspartate aminotransferase in blood. For kidney transplants, graft function can be assessed 
by measuring blood concentrations of urea, blood urea nitrogen (BUN), and creatinine 
kinase. 

As mentioned above, proper storage of organs for transplant is critical to maintain 
organ viability. Given the shortage of available organs, any increase in the amount of 
time organs can be maintained, particularly from cadavers, would be of major importance 
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to transplantation medicine. The heart seems to be particularly susceptible to damage 
during isolation and storage. Improvement in these conditions could lead to an increase ir 
the number of viable hearts available for transplant An improved organ storage solution 
can also be used to perfuse the organ prior to removal, possibly additionally enhancing its 
protective effect. Methods of the present invention provide such an improved method, 
consisting of adding ICE/CED-3 inhibitors to the storage solutions. 

Although the invention has been described with reference to the examples provided 
above, it should be understood that various modifications can be made without departing 
from the spirit of the invention. Accordingly, the invention is limited only by the claims. 
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We claim: 

1 . A method for expanding or increasing survival of a cell population comprising 

contacting the cells with an inhibiting effective amount of a reagent which suppresses 
the activity of at least one member of the interleukin-lp-converting enzyme 
(ICE)/CED-3 family, inhibiting apoptosis in the cell population, thereby expanding or 
increasing survival of the cell population. 

2. The method of claim 1 , wherein the cells are differentiated cells. 

3. The method of claim 1, wherein the cells are precursor cells. 

4. The method of claim 1, wherein the cells are selected from the group consisting of 
granulocytes, monocytes, erythrocytes, lymphocytes and platelets. 

5. The method of claim 1 . wherein the contacting is ex vivo. 

6. The method of claim 1, wherein the contacting is in vivo. 

7. The method of claim 1, wherein the reagent is a nucleic acid. 

8. The method of claim 7, wherein the reagent is an ICE antisense sequence. 

9. The method of claim 1 . wherein the reagent is a protease inhibitor. 

10. The method of claim 9, wherein the protease inhibitor is irreversible. 

11. The method of claim 9, wherein the protease inhibitor is reversible. 
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The method of claim 1, further comprising contacting the cells with a growth factor. 
The method of claim 9, wherein the protease inhibitor is a compound of fonnula 1: 



wherein: 
n is 1 or 2; 

R' is alkyl, cycloalkyl, (cycloalkyl)alkyl, phenyl, (substituted)phenyl, phenylalkyl, 
(substituted)phenylalkyl, heteroaiyl. (heteroaiyl)alkyl or (CH2)„COjR\ wherein m 
1 -4, and R* is as defined below; 

is a hydrogen atom, chloro, alkyl, cycloalkyl,(cycloalkyl)alkyl, 
phenyl,(substituted)phenyl, phenylalkyl, 

(substituted)phenylalkyl, heteroaiyl, (heteroaiyl)alkyl o^(CHJ)pCO^R^ wherein p = 
0-4, and R* is as defined below; 




FORMULA 1 
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is a hydrogen atom, alkyl. cycloalkyl, (cycloalkyl)alkyl, phenylalkyl, or 
(substituted)phenylalkyl; 

R' is a hydrogen atom, alkyl, cycloalkyl. (cycloalkyl)alkyl, phenylalkyl. or 
(sub5tituted)phenylalkyl; 

R' is a hydrogen atom, alkyl, cycloalkyl, (cycloalkyl)alkyl, phenylalkyl, or 
(substituted)phenylalkyl; 

A is a natural and unnatural amino acid; 

B is a hydrogen atom, a deuterium atom, alkyl, cycloalkyl, (cycloalkyl)alkyl, 
phenyl,(substituted)phenyl, phenylalkyl, (substituted)phenylalkyl, heteroaiyl, 
(heteroaiyl)alkyl, halomethyl. CH^ZR'. CH^OCOCaiyl), CHjOCOOieteroaiyl); or 
CHjOPO(R')R« 

where Z is an oxygen or a sulfur atom; 

R' is phenyl, substituted phenyl, phenylalkyl, substituted phenylalkyl, heteroaiyl. or 
(heteroaiyl)alkyl; and 

R' and R» are independently selected from a group consisting of alkyl, cycloalkyl, 
phenyl, substituted phenyl, phenylalkyl, (substituted phenyl) alkyl, and (cycloalkyl) 
alkyl; and 
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X and Y are independently selected from the group consisting of a hydrogen atom, halo, 
trihalomethyl, amino, protected amino, an amino salt, mono-substituted amino, 
di-substituted amino, carboxy, protected carboxy, a carboxylate salt, hydroxy, protected 
hydroxy, a salt of a hydroxy group, lower alkoxy, lower alkylthio, alkyl, substituted 
alkyi, cycloalkyl, substituted cycloalkyl, (cycloalkyl)alkyl, substituted (cycloalkyl)alkyl, 
phenyl, substituted phenyl, phenylalkyl, and (substituted phenyl)alkyl; 

or a phaimaceutically acceptable sah thereof. 
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FORMULA 3 

wherein: 
nis 1 or 2; 
mis 1 or 2; 

A isR^CO", R^-0-CO~, orR^SOj-; 
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a group of the formula: 




further wherein: 

R* is a hydrogen atom, alkyl or phenylalkyl; 

is alkyl, cycloalkyl, (cycloalkyl)alkyl, phenyl, phenylalkyl, substituted phenyl, 
(substituted phenyl)alkyl, heteroaiyl, or (heteroaryl)alkyl; 

R^ is alkyl, cycloalkyl. (cycloalkyl)alkyL phenylalkyl, or (substituted phenyl)alkyl; 

R^ is alkyl, cycloalkyl, (cycloalkyl)alkyl, phenyl, phenylalkyl, substituted phenyl, 
(substituted phenyl)alkyl, heteroaiyl, or (heteroaryl)alkyl; 

R^ is alkyl, cycloalkyl, (cycloalkyl)alkyl, phenyl, phenylalkyl, substituted phenyl, 
(substituted phenyl)alkyl, heteroaiyl, or (heteroaryI)alkyl; 

R* is alkyl, cycloalkyl, (cycloalkyl)alkyl, phenylalkyl, or (substituted phenyl)alkyl; 

R^ is alkyl, cycloalkyl, (cycloalkyl)alkyl, phenyl, phenylalkyl, substituted phenyl, 
(substituted phenyl)alkyl, heteroaryl, or (heteroaiyl)alkyl; 
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is an amino acid side chain chosen from the group consisting of natural and 
unnatural amino acids; 

B is a hydrogen atom, a deuterium atom, alkyl, cycloalkyl, (cycloalkyl)alkyl, phenyl, 
phenylalkyl, substituted phenyl, (substituted phenyl)alkyl, heteroaryl, (heteroaiyl)alkyl, 
or halomethyl; 

a group of the formula: 

-CHjXR'; 

wherein is phenyl, substituted phenyl, phenylalkyl, (substituted phenyl)alkyl, 
heteroaryl, or (heteroaiyl)alkyl; and X is an oxygen or a sulfiir atom; 

a group of the formula: 

-CH2-0-C0-(aryl); 

a group of the formula: 

- CH2-O- CO-(heteroaiyl); 

a group of the formula: 

-CH2-0-P0(R'*»)R" 

wherein R'** and R" are independently selected from a group consisting of alkyi, 
cycloalkyl, phenyl, substituted phenyl, phenylalkyl and (substituted phenyl) alkyl; 
and the pharmaceutically-acceptable salts thereof 
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1 5. A method for prolonging organ viability comprising contacting the cells of an organ with 
an inhibiting effective amount of a reagent which suppresses the activity of at least one 
member of the interleukin-ip-converting engine (ICE)/CED-3 family, thereby 
prolonging the viability of the organ as compared to an untreated organ. 

] 6. The method of claim 1 S, wherein the organ is contacted with the reagent ex vivo. 

1 7. The method of claim 1 S, wherein the organ is contacted with the reagent in vivo. 

1 8. The method of claim 1 S, wherein the reagent is a nucleic acid. 

1 9. The method of claim 1 S, wherein the reagent is an ICE antisense sequence. 

20. The method of claim 1 5, wherein the reagent is a protease inhibitor. 

21 . The method of claim 20, wherein the reagent is an irreversible inhibitor. 

22. The method of claim 20, wherein the reagent is a reversible inhibitor. 
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23. The method of claim 20, wherein the protease inhibitor is a compound of formula 1 : 



wherein; 
nis 1 or 2; 

is alkyl, cycloalkyl, (cycloalkyl)alkyl, phenyl, (substituted)phenyl, phenylalkyK 
(substituted)phenylalkyl, heteroaiyl, (heteroaryl)alkyl or (CH2)„C02R\ wherein m = 
1 -4, and is as defined below ; 

R- is a hydrogen atom, chloro, alkyl, cycIoalkyl,(cycIoalkyl)alkyl, 
phenyl,(substituted)phenyl,phenylalkyl, 

(substituted)phenylalkyl, heteroaryl, (heteroaryl)alkyl or (CH2)pC02R\ wherein p = 
0-4, and R' is as defined below; 

R' is a hydrogen atom, alkyl, cycloalkyl, (cycloaIkyl)alkyl, phenylalkyl, or 
(substituted)phcnylalkyl; 




X 
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is a hydrogen atom, alkyl, cycloalkyl, (cycloalkyl)alkyl, phenylalkyl, or 
(substituted)phenylalkyl; 

is a hydrogen atom, alkyl, cycloalkyl, (cycloalkyl)alkyl, phenylalkyl, or 
(substituted)phenylalkyl; 

A is a natural and unnatural amino acid; 

B is a hydrogen atom, a deuterium atom, alkj'l, cycloalk>'l, (cycloalkyl)alkyl, 
phenyl,(substituted)pbenyl, phenylalkyl, (substituted)phenylalk>'i, heteroaryl, 
(heteroaryl)alkyl, halomethyl, CHjZR*, CHjOCOCaiyl). CHjOCOOieteroaiyl), or 
CHjOPOCR^ R*; where Z is an 0X7gen or a sulfur atom; 

R* is phenyl, substituted phenyl, phenylalkyl, substituted phenylalkyl, heteroaryl, or 
(heteroaryl)alkyl; and 

R' and R* are independently selected from a group consisting of alkyl, cycloalkyl, 
phenyl, substituted phenyl, phenylalkyl, (substituted phenyl) alkyl and (cycloalkyl) 
alkyl; and 

X and Y are independently selected from the group consisting of a hydrogen atom, 
halo, trihalomethyl, amino, protected amino, an amino salt, mono-substituted amino, 
di-substituted amino, carboxy, protected carboxy, a carboxylate salt, hydroxy, 
protected hydroxy, a salt of a hydroxy group, lower alkoxy, lower alkylthio, alkyl, 
substituted alkyl, cycloalkyl, substituted cycloalkyl, (cycloalkyl)alkyl, substituted 
(cycloalkyl)alkyl, phenyl, substituted phenyl, phenylalkyL and (substituted 
phenyl)alkyl; 
or a pharmaceutically acceptable salt thereof. 
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The method of claim 20, wherein the protease inhibitor is a compound of formula 3: 




FORMULA 3 

wherein: 
n is 1 or 2; 
m is 1 or 2; 

A is R^CO-, R^-O-CO-, or R'SOj-; 
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a group of the formula: 




further wherein: 

R' is a hydrogen atom, alkyl or phenylalkyl; 

R- is alkyl, cycloalkyl, {cycloalkyl)alkyl, phenyl, phenylalkyl, substituted phenyl, 
(substituted phenyl)alkyl, heteroaiyl, or (heteroaiyl)alkyl; 

R^ is alkyl, cycloalkyl, (cycloalkyl)alkyl, phenylalkyl, or (substituted phenyl)alkyl; 

R^ is alkyl, cycloalkyl, (cycloalkyl)alkyl, phenyl, phenylalkyl, substituted phenyl, 
(substituted phenyl)alkyl, heteroaiyl, or (heteroaiyl)alkyl; 

R- is alkyl, cycloalkyl, (cycloalkyl)alkyl, phenyl, phenylalkyl, substituted phenyl, 
(substituted phenyl)alkyl. heteroaiyl, or (heten}aryl)alkyl; 

R* is alkyl, cycloalkyl, (cycloalkyl)alkyl, phenylalkyl, or (substituted phenyl)alkyl; 

R' is alkyl, cycloalkyl, (cycloalkyl)alkyl, phenyl, phenylalkyl, substituted phenyl, 
(substituted phenyl)alkyl, heteroaryl, or (heteroaryl)alkyl; 
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is an amino acid side chain chosen from the group consisting of natural and 
unnatural amino acids; 

B is a hydrogen atom, a deuterium atom, alkyl, cycloalkyl, (cycloalkyl)alkyl, phenyl, 
phenylalkyl, substituted phenyl, (substituted phenyl)alkyl, heteroaiyl, (heteroaiyl)alkyl, 
or halomethyl; 

a group of the formula: 

-CHoXR'; 

wherein is phenyl, substituted phenyl, phenylalkyl, (substituted phenYl)alkyl, 
heteroaryl, or (heteroaiyl)alkyl; and X is an oxygen or a sulfur atom; 

a group of the formula: 

-CH2-0-C0-(aiyl); 

a group of the formula: 

- CHj- O- CO- (heteroaryl); 

a group of the formula: 

"CH2-0-P0(R^*^)R" 

wherein R*' and R" are independently selected from a group consisting of alkyl, 
cycloalkyl, phenyl, substituted phenyl, phenylalkyl and (substituted pheyl) alkyl; 
and the pharmaceutically-acceptable salts thereof 
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25. A method for increasing bioproduction in vitro comprising contacting host cells that 
produce a product of interest with a reagent which suppresses the activity of at least one 
member of the ICE/CED-3 family, thereby increasing survival of the cells in vitro. 

26. The method of claim 25, wherein the reagent is a nucleic acid. 

27. The method of claim 25, wherein the reagent is an ICE antisense sequence. 

28. The method of claim 25, wherein the reagent is a protease inhibitor. 

29. The method of claim 28, wherein the reagent is an irreversible inhibitor. 

30. The method of claim 28, wherein the reagent is a reversible inhibitor. 
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31. The method of claim 25, wherein the reagent is a compound of formula 1: 



wherein: 
n is 1 or 2; 

R* is alkyl, cycloalk7l, (cycloalkyl)alkyl, phenyl, (sub$tituted)phenyl, phenylalkyl, 
(substituted)phenylalkyl, heteroaryl, (heteroaiyl)alkyl or (CH2)„C02R\ wherein m = 
I -4, and is as defined below ; 

R- is a hydrogen atom, chloro, alkyl, cycioalkyl,(cycloalkyl)alkyl, 
phenyl,(substituted)phenyl, phenylalkyl, 

(substituted)phenylaikyl, heteroaryl, (heteroaryl)alkyl or (CH2)pC02R\ wherein p = 
0-4, and R^ is as defined below; 

R^ is a hydrogen atom, alkyl, cycloalkyl, (cycloalkyl)alkyL phenylalkyl, or 
(substituted)phenylalkyl; 
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is a hydrogen atom, alkyl, cycloalkyl, (cycloalkyl)alkyl, phenylalkyl, or 
(substituted)phenylalkyl; 

is a hydrogen atom, alkyl, cycloalkyl, (cycloalkyl)alkyl, phenylalkyl, or 
(substituted)phenylalkyl; 

A is a natural and unnatural amino acid; 

B is a hydrogen atom, a deuterium atom, alkyl, cycloalkyl, (cycloalkyl)alkyK 
phenyl,(substituted)phenyl, phenylalkyl, (substituted)phenylalkyl, heteroaryl, 
(heteroan'l)alkyl, halomethyl, CH^R^ CHjOCOCaiyl), CHjOCOOieteroaryl), or 
CHjOPOCR^RS; where Z is an oxygen or a sulfur atom; 

R* is phenyl, substituted phenyl, phenylalkyl, substituted phenylalkyl, heteroaryl, or 
(heteroar)'l)alkyl; and 

R' and R* are independently selected from the group consisting of alkj'L cycloalkyl, 
phenyl, substituted phenyl, phenyalkj'l, (substituted phenyl) alkyl and (cycloalkyl) 
alkyl; 

X and Y are independently selected from the group consisting of a hydrogen atom, 
halo, trihalomethyl, amino, protected amino, an amino salt, mono-substituted amino, 
di-substituted amino, carboxy, protected carboxy, a carboxylate salt, hydroxy, 
protected hydroxy, a salt of a hydroxy group, lower alkoxy, lower alkylthio, alkyl, 
substituted alkyl, cycloalkyl, substituted cycloalkyl, (cycloalkyl)alkyl, substituted 
(cycloalkyOalkyl, phenyl, substituted phenyl, phenylalkyl, and (substituted 
phenyl)alkyl; 
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or a phaimaceutically acceptable salt thereof. 
32. The method of claim 25, wherein the reagent is a compound of formula 3: 




FORMULA 3 

wherein: 
n is I or 2; 
m is 1 or 2; 

A is R^CO-, R^~0-CO-, or R'SOj-; 
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a group of the fonnula: 



r'conh 




further wherein: 

R* is a hydrogen atom, alkyl or phenylalkyl; 

R- is alkyl, cycloalkyl, (cycloalkj'l)alkyl, phenyl, phenylalkyl, substituted phenyl, 
(substituted phenyl)alkyl, heteroaryl, or (heteroaryl)alkyl; 

R^ is alkyl, cycloalkyl, (cycloalkyl)alkyl, phenylalkyl, or (substituted phenyl)alkyl; 

R^ is alkyl, cycloalkyl, (cycloalkyl)alkyl, phenyl, phenylalkyl, substituted phenyl, 
(substituted phenyl)alkyl, heteroaryl, or (heteroaiyOalkyl; 

R* is alkyl, cycloalkyl, (cycloalkyl)alkyl, phenyl, phenylalkyl, substituted phenyl, 
(substituted phenyl)alkyl, heteroaryl, or (heteroaryl)alkyl; 

R* is alkyl, cycloalkyl, (cycloalkyl)aIkyl, phenylalkyl, or (substituted phenyl)alkyl; 

R' is alkyl, cycloalkyl, (cycloalkyl)alkyl, phenyl, phenylalkyl, substituted phenyl, 
(substituted phenyl)alkyl, heteroaryl, or (heteroaryl)alkyI; 
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is an amino acid side chain chosen ftom the group consisting of natural and 
unnatural amino acids; 

B is a hydrogen atom, a deuterium atom, alkyi, cycloalkyl. (cycloalkyl)alkyl, phenyl, 
phenylalkyl. substituted phenyl, (substituted phenyl)alkyl, heteroaryl, (heteroaiyl)alkyl, 
or halomethyl; 

a group of the formula: 

-CH2XR'; 

wherein is phenyl, substituted phenyl, phenylalkyl, (substituted phenyl)alkyl, 
heteroaiyl, or (heteroaiyl)alkyl; and X is an oxygen or a sulfiir atom; 

a group of the formula: 

-CH2-0-C0-(aiyl); 

a group of the formula: 

- CH2-O- CO- (heteroaryl); 

a group of the formula: 

-CH2-0-P0(R'**)R" 

wherein R'^ and R" are independently selected from a group consisting of alkyl, 
cycloalkyl, phenyl, substituted phenyl, phenylalkyl and (substituted phenyl) alkyl; 
and the pharmaceutically-acceptable salts thereof 
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FACS Analysis of Propidium Iodide Labelled Neutrophils: 
48 Hour Time Point 




Concenlration (|iM) 



Figure 6 
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Figure 7 

Neutrophil Survival and Burst Assay 
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